TerraPower

February 17, 2023 TP-LIC-LET-0055
Project Number 99902100

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
ATTN: Document Control Desk

Subject: TerraPower In-Vessel Events without Fuel Failure Evaluation Model
Development Presentation Material

This letter provides the TerraPower, LLC presentation material for the upcoming “In-Vessel
Events without Fuel Failure Evaluation Model Development” pre-application engagement
meeting (Enclosures 2 and 3).

The presentation material contains proprietary information and as such, it is requested that
Enclosure 3 be withheld from public disclosure in accordance with 10 CFR 2.390, "Public
inspections, exemptions, requests for withholding.” An affidavit certifying the basis for the
request to withhold Enclosure 3 from public disclosure is included as Enclosure 1. Enclosure 3
also contains ECl which can be disclosed to Foreign Nationals only in accordance with the
requirements of 15 CFR 730 and 10 CFR 810, as applicable. Proprietary and ECI materials have
been redacted from the topical report provided in Enclosure 2; redacted information is
identified using [[ 11@®, [[ 115, or [[ ]]@@EC|

This letter and enclosures make no new or revised regulatory commitments.

If you have any questions regarding this submittal, please contact Ryan Sprengel at
rsprengel@terrapower.com or (425) 324-2888.

15800 Northup Way, Bellevue, WA 98008 www.TerraPower.com P. +1 (425) 324-2888 F. +1 (425) 324-2889
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Sincerely,

P Aopopd

Ryan Sprengel
Director of Licensing, Natrium
TerraPower, LLC

Enclosure: 1. TerraPower, LLC Affidavit and Request for Withholding from Public
Disclosure (10 CFR 2.390(a)(4))
2. "In-Vessel Events without Fuel Failure Evaluation Model Development”
Presentation Material — Closed Meeting — Non-Proprietary (Public)
3. "In-Vessel Events without Fuel Failure Evaluation Model Development”
Presentation Material — Closed Meeting — Proprietary (Non- Public)

cC: Mallecia Sutton, NRC
William Jessup, NRC
Nathan Howard, DOE
Jeff Ciocco, DOE
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Enclosure 1
TerraPower, LLC Affidavit and Request for Withholding from Public Disclosure
(10 CFR 2.390(a)(4))

|, George Wilson, hereby state:

1.1 am the Vice President, Regulatory Affairs and | have been authorized by TerraPower, LLC
(TerraPower) to review information sought to be withheld from public disclosure in connection with
the development, testing, licensing, and deployment of the Natrium™ reactor and its associated

fuel, structures, systems, and components, and to apply for its withholding from public disclosure
on behalf of TerraPower.

2. The information sought to be withheld, in its entirety, is contained in Enclosure 3, which
accompanies this Affidavit.

3. 1 am making this request for withholding, and executing this Affidavit as required by
10 CFR 2.390(b)(1).

4.1 have personal knowledge of the criteria and procedures utilized by TerraPower in designating
information as a trade secret, privileged, or as confidential commercial or financial information that
would be protected from public disclosure under 10 CFR 2.390(a)(4).

5. The information contained in Enclosure 3 accompanying this Affidavit contains non-public details of
the TerraPower regulatory and developmental strategies intended to support NRC staff review.

6. Pursuant to 10 CFR 2.390(b)(4), the following is furnished for consideration by the Commission in
determining whether the information in Enclosure 3 should be withheld:

a. The information has been held in confidence by TerraPower.

b. The information is of a type customarily held in confidence by TerraPower and not
customarily disclosed to the public. TerraPower has a rational basis for determining the
types of information that it customarily holds in confidence and, in that connection, utilizes
a system to determine when and whether to hold certain types of information in confidence.

The application and substance of that system constitute TerraPower policy and provide the
rational basis required.

c. The information is being transmitted to the Commission in confidence and, under the
provisions of 10 CFR 2.390, it is received in confidence by the Commission.

d. This information is not available in public sources.

e. TerraPower asserts that public disclosure of this non-public information is likely to cause
substantial harm to the competitive position of TerraPower, because it would enhance the
ability of competitors to provide similar products and services by reducing their expenditure

of resources using similar project methods, equipment, testing approach, contractors, or
licensing approaches.

| declare under penalty of perjury that the foregoing is true and correct.
Executed on: February 17, 2023

eo Wiklson
Feorge
George Wilson

Vice President, Regulatory Affairs
TerraPower, LLC
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TerraPower

NATRIUM

In-Vessel Events without Fuel Failure
Evaluation Model Development

a TerraPower & GE-Hitachi technology

N AT' 2 9 54 SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
Copyright© 2023 TerraPower, LLC. All Rights Reserved.



Portions of this presentation are considered export controlled
information (ECI). ECI can be disclosed to Foreign Nationals only in
accordance with the requirements of 15 CFR 730 and 10 CFR 810, as

applicable.

Portions of this presentation are considered proprietary and
TerraPower, LLC requests it be withheld from public disclosure under
the provisions of 10 CFR 2.390(a)(4).

Nonproprietary versions of this presentation indicate the redaction
of such information using [[ ]]@@, [[ 1]E%, or [[ ]]@®). ECL
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Agenda

* In-Vessel Events Envelope
* Presentation Objectives
« EM Development Principles
= EMDAP Element 1
Evaluation Model Capability Requirements & Phenomena Identification and Ranking Tables (PIRTs)
= EMDAP Element 2
Scaling Analysis, Legacy Test Data and TerraPower Tests, Assessment Matrix for Validation
= EMDAP Element 3

Selection of Primary Safety Analysis Computer Code, EM structure, Closure Models

= EMDAP Element 4

Evaluate the Model Adequacy (Top-Down and Bottom-Up)

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 > ; " 4
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In-Vessel Events Envelope

Ex-Vessel Events

Clad
Failure

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Barrier
Failure
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In-Vessel Events Envelope
Event Type Line Diagram by Frequency

Decreasing Frequency

All Events

Quantified Events (Assigned a Consequence)
—

PRA Modeled Events (QHOs Calculated here)

DBA events contributing other important

S

= —

% Licensing Basis Events Other Quantified Events

= | T ——
2 _AOO DBE BDBE EPZ/Cliff Edge DID Only

a o Evaluates potential Demonstrates

% for cliff edge and DID adequacy or
S

®

— to EPZ evaluation safety feature
Meets 10 CFR 50.34 dose limits

Derived from DBE, no frequency assigned
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Presentation Objectives

* To share what has been done and what is planned to develop
TerraPower's EM for in-vessel events without fuel failure

* To receive comments on EM development to date:
— Appropriateness of complying with RG 1.203 (EMDAP)
— Legacy test data selected for EM assessment
» Note: Available legacy test data is limited

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 6 y . 4
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In-Vessel Events Without Fuel Failure EM Development

e Comply with the basic principles of EMDAP
— 4 Elements with 20 Steps

* Most steps in Element 1 through Element 3
have been performed

— Additional work is Planned for Step 6
(scaling analysis), Step 8 (Evaluation of IET
distortions and SET scaleup capability), and
Step 9 (Experimental uncertainties)

* Most steps in Element 4 are in development

IE | 1T m I | i i | B i H ] 1]

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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2. Specify figures of merit

Element 1
Establish Requirements for Evaluation Model Capability

1. Specify analysis purpose, transient class, and power plant class
3. ldentify systems, components, phases, geometries, fields and

processes that should be modeled
4. |dentify and rank phenomena and processes

A 4

Element 2
Develop Assessment Base

5. Specify objectives for assessment base
6. Perform scaling analysis and identify

Element 3
Develop Evaluation Model

10. Establish EM development plan
o] 11. Establish EM structure

similarity criteria

7. Identify existing data and/or perform IETs
and SETs to complete data/base

8. Evaluate effects of IET distortions and SET
scaleup capability

9. Determine experimental uncertainties

12. Develop or incorporate closure models

Element 4
Assess Evaluation Model Adequacy

Closure Relations (Bottom-up)

13. Determine model pedigree and applicability

to simulate physical processes

14. Prepare input and perform calculations to
assess model fidelity and/or accuracy

15. Assess scalability of models

20. Determine EM bia

Integrated EM (Top-down)

16. Determine capability of field equations and
numeric solutions to represent processes and
phenomena

17. Determine applicability of EM to simulate
system components

18.Prepare input and perform calculations to
assess system interactions and global capability
19. Assess scalability of integrated calculations
and data for distortions

ses and Uncertainties

Return to appropriate
elements, make and
assess carrections

TerraPower

Adequacy Decision
Does code meet
Adequacy standard?

Perform plant
event analyses

RG. 1.203

NATRIUM



Element 1 - Evaluation Model Capability Requirements

« Step 1: Analysis Purpose Element 1

Establish Requirements for Evaluation Model Capability

To demonstrate that the Natrium™ Reactor has

enough Safety margin for AOOs. DBEs and BDBEs and 1. Specify analysis purpose, transient class, and power plant class
) - i ! e i ! 2. Specify figures of merit

will meet construction permlt and operatlng license 3. Identify systems, components, phases, geometries, fields and

. processes that should be modeled
expectatlons 4. ldentify and rank phenomena and processes

Step 2: Figures of Merit
Cladding temperature history, coolant temperature, and thermal creep strain

T Suem [ Name

Step 3: EM Characteristics (Eight ingredients) RCC Reactor Core and Core Components

Reactor Enclosure System

- SySte ms ) Primary Heat Transport System

O N atrl um Pla nt Intermediate Heat Transport System
- SU bsySte ms IAC Intermediate Air Cooling

O RCC’ RES’ P HT’ | HT’ |AC’ C RD’ & RAC CRD Control Rod Mechanism System
_ M Od u |eS RAC Reactor Air Cooling System

o Physical components within the subsystems such as reactor vessel, IHX, etc.

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 : " 4
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Element 1 - Evaluation Model Capability Requirements

« Step 3: EM Characteristics (Eight ingredients) (cont.)
— Constituents
o Sodium, air, & argon gas
— Phases
o Liquid sodium and gas
— Geometrical configurations
o Liquid sodium flowing upwardly, downwardly, and horizontally, air flowing through
the riser of the RAC, argon gas in stagnant condition at the top of the hot pool
— Fields
o Mass, momentum, and energy transportation of liquid sodium, air, and argon gas,
Thermal energy of heat structure
— Transport processes: Many mechanisms that determine the transport of and
interactions between constituent phases
o Transport properties defining inter-nodal mass, momentum, and energy of liquid
sodium, air, and argon gas
o Other transport processes

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 v \\
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Element 1 - Evaluation Model Capability Requirements

« Step 4: Phenomena Identification and Ranking Table (PIRT)
— PIRT Development
o Separate PIRTs developed to reflect ongoing Natrium design changes
(1) Internal Panelists (9/2021); (2) External Panelists (8/2022)

o Representative Events
» |oss Of Offsite Power: Scenarios for internal and external PIRTs
» Rod Withdrawal At Power: Scenarios for internal and external PIRTs
= Loss Of Heat Sink: Scenario for external PIRTs

— Combined PIRT

o The rankings were combined with conservativeness for each phenomena
» |Importance ranking: Higher ranking chosen (H > M > L)
= Knowledge level ranking: Lower ranking chosen (L > M > H)

— Further revision to the PIRT is expected to reflect Natrium design changes

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 /”‘/Hi\% " 4
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Element 1 - Evaluation Model Capability Requirements
PIRT Results Summary

Phenomena Importance | Knowledge

]]@@

[ 49T S S S
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Element 1 - Evaluation Model Capability Requirements
PIRT Results Summary

Phenomena Importance | Knowledge

]]@@

[ 49T S S S
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Element 1 - Evaluation Model Capability Requirements

« Step 4: PIRT (cont.)
[[

]]@@
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Element 2 — Assessment Base Development

« Step 5: Objectives for assessment base

— To present experimental data to demonstrate
the EM capabilities of predicting the Natrium
reactor responses to postulated LBEs without
fuel failure

« Step 6: Scaling analysis and similarity criteria
— EBR-II & TerraPower Test Facility

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 2
Develop Assessment Base

5. Specify objectives for assessment base

6. Perform scaling analysis and identify
similarity criteria

7. ldentify existing data and/or perform IETs
and SETs to complete data/base

8. Evaluate effects of IET distortions and SET
scaleup capability

9. Determine experimental uncertainties

rerapons NATRIUM



Element 2 — Assessment Base Development

« Step 6: Scaling analysis (TerraPower Test Facility)

— Hierarchically decompose the Natrium PHT to identify hierarchical levels for
scaling

— Establish facility design requirements and scaling approach based on loop
flow dynamics coupled with energy balance in major heat transfer sections

— Derive the similarity criteria based on the dimensionless balance equations
for loop flow dynamics including natural circulation operation

— Facility design requirements are expressed in terms of geometrical ratios:
length ratio (£R), volume ratio (VR), and fuel pin/IHX tube diameter ratios

— Generate applicable data to reproduce highly-ranked phenomena with
acceptable levels of distortions

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 2 — Assessment Base Development

« Step 6: Scaling analysis (cont.) [
— TerraPower Test Facility (cont.)
 Key hydrodynamic sections from
geometrical summary of PHT flow loop
o Core, IHX shell side, & primary
sodium pump piping
« Similarity criteria for simulation option
o Prototypical and surrogate fluids
= Prototypical fluid:
Prototypical P/T sodium
= Surrogate fluid: Low P/T water
Check equation of state
scaling and key property 1@
group ratios

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 L 7
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Element 2 - Assessment Base Development

« Step 6: Scaling analysis (cont.)

— TerraPower Test Facility — !

(cont.) T
o Preliminary test facility {[(~ Ial
design specifications )

o Assumptions
» Length ratio = 1/4
» Volume ratio = 1/200
» Time scale (ratio) = 1 o _F
» Heater rod diameter

ratio = 2 —
—
» Heat exchanger tube I\x__ ____f’/
diameter ratio = 1 ]]@, EC

[ 49T S S S
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Element 2 - Assessment Base Development

* Step 6: Scaling analysis (EBR-II) | ) [
[l I

[N D (LT e RS

]]@@

I N 0O 0O 0O O T N 9 S S S
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[l

Element 2 - Assessment Base Development

« Step 7: Legacy test data
— Investigation of the legacy data driven by the PIRT
— Potentially obtainable legacy test data

]]@

N 9 S S S
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Element 2 - Assessment Base Development

« Step 7: TerraPower test needs (cont.)

[l

]]@@

I N 0O 0O 0O O T N 9 S S S
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Element 2 - Assessment Base Development

« Step 7: TerraPower test needs (cont.)

[l

1)@

I N 0O 0O 0O O T N 9 S S S
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Element 2 - Assessment Base Development

« Step 7: TerraPower test needs (cont.)

[l

1]@

I N 0O 0O 0O O T N 9 S S S
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Element 2 — Assessment Base Development

 Step 8: Effect of IET distortions and SET scaleup capability
— |ETs
o EBR-II: Geometrical distortion & high uncertainty in energy distribution in PHT

o TerraPower Test Facility: Will be designed based on established similarity
criteria and distortion analyses performed for key transient scenarios

— SETs
o Effects of SET scaleup capability will be conducted.
« Step 9: Experimental uncertainties

— Experimental uncertainties will be evaluated for legacy test data and considered
in TerraPower tests from facility design phase

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 A Sy 4
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Element 2 - Assessment Base Development

« Steps 5 to 9: Assessment matrix for validation

[l

]]@@

I N 0O 0O 0O O T N 9 S S S
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Element 3 - Evaluation Model Development

« Step 10: EM development plan
— Selection of primary safety analysis computer
code
o EM requirements established in EMDAP
Element 1
o Other aspects
» Availability
= Historical experience in the domain of
SFR
= SQA pedigree
= Assessment database
— Selected code
o SAS4A/SASSYS-1

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 3
Develop Evaluation Model

10. Establish EM development plan
11. Establish EM structure
12. Develop or incorporate closure models

rrarons. NATRIUM




Element 3 - Evaluation Model Development

Core Channel Model Point Kinetics Primary Coolant System Intermediate Coolant System
Single — Subchannel Live Decay Heat Pipes — Pumps — Valves Pipes — Pumps — Valves
Fast Steady-State Solver Inlet — Outlet Plena Component-to-Component Heat
with or without cover gas Transfer
3D Reactivity Feedback
. . Pumps
Coupling with CFD .
Homologous — Electromagnetic
Intermediate Heat Exchangers
Decay Heat Removal Systems ' 9
Table Lookup — Detailed

SAS4A/ SASSYS-1:

Developed by ANL specifically
for liquid metal reactor analysis

Doppler
Transients Coolant Density
« Support metal fuel model 00 DEA - ATIS i
Axial Fuel Expansion

i Used to Support CRBRP |FR Axial Clad/Duct Expansion

' ' Radial Expansion

P Rl S M I a n d VT R Grid Plate Expansion
CRDL Expansion
Valldated agalnst TREAT, EBR'”, Vessel Expansion

Plant Control

d nd FFTF Liquid Metal Coolants

Na, NaK, LBE, Pb

« Early versions used in Germany,

Japan, France, Italy, Russia

« Commercial grade dedication
. . . In-Pi : . Ex-Pi
Molten Clad (oxide) Sodium Boil
Relocation — Freezing odium Bofing

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 26 ; 4
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Element 3 - Evaluation Model Development

« Step 10: EM development plan (cont.)
— Establishment of EM development plan
* Documentation: Theory, Models & Correlations, Programmer’s Manual,
User Guideline, & Development Assessment Manual
« Commercial grade dedication and NQA-1 compliant procedure for the
subsequent code development/modification
 For the code improvements
o Functional requirements: Theoretical basis and mathematical model
o Performance requirements: Test plan and acceptance criteria
o Validation requirements: “Reasonable agreement” as defined in RG
1.203 for the high importance phenomena in PIRT
 Software design and implementation document: Data structure,
subprogram hierarchy, variable definitions
« The source code listing: Allows traceability, and evaluate functionality
and interfaces

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 v
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Element 3 — EM Development

Fuel
Performance
Data

Neutronics
Data

START

SAS4A/SASSYS-1

* Step 11: EM Structure

Input Model

Thermal
Hydraulics
Data

« Step 12: Closure Models

Sl

Preparation

l

[l

Design Data

Safety Analysis:
SASAA/SASSYS-1
Steady-State Run

Safety
Analysis Data
Including
Material Data

/
/
/
/
/

T T

Steady-State
Results

/

/

!

Safety Analysis:
SAS4A/SASSYS-1
Transient Run

|

Fuel Integrity
Criteria

/

Transient
Results

/=

]]@@
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Cladding Temperature Increase
Evaluated Using Hot Channel
Factor for Hot Pin
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Element 4 - Evaluation Model Adequacy

« Step 13: Model pedigree and applicability
— Will be done as directed soon
« Step 14 & Step 18: Evaluate the model adequacy (top-
down and bottom-up)
— Input preparation
 Safety-related and non-safety-related (with and
without special treatment) SSCs

* Input values
o Primarily best-estimate (BE) approach with uncertainty
o Conservative approach for some input parameters and/or
models

« Number of axial fuel nodes in the core based on

sensitivity studies

o Specified to capture axial fuel and coolant temperature
profiles:[[ ]]@)

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 4
Assess Evaluation Model Adequacy

Closure Relations (Bottom-up)

13. Determine model pedigree and applicability
to simulate physical processes

14. Prepare input and perform calculations to
assess model fidelity and/or accuracy

15. Assess scalability of models

Element 4
Assess Evaluation Model Adequacy

Integrated EM (Top-down)

16. Determine capability of field equations and
numeric solutions to represent processes and
phenomena

17. Determine applicability of EM to simulate
system components

18. Prepare input and perform calculations to
assess system interactions and global capability
19. Assess scalability of integrated calculations
and data for distortions

20. Determine EM biases and Uncertainties

Térra Power N AT R i U M




Element 4 - Evaluation Model Adequacy

« Step 14 & Step 18: Evaluate the model adequacy (top-down and bottom-up) (cont.)
— Input preparation (cont.)
* Fuel assembly modeling

o Average fuel assembly groups (channels): similar TH characteristics
(flowrate, orifice geometry, etc.)

o 1 separate hot channel in each average channel: Highest power/flow ratio

o 1 separate high-burnup channel in each average channel: Highest fuel
burnup

* Reactivity feedbacks

o Doppler, sodium density, cladding density, fuel density, structure density,
CRDL expansion, radial expansion, and fuel axial expansion

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
Copyright© 2023 TerraPower, LLC. All Rights Reserved. 30 Terra POWGI’ N AT R I U M



Element 4 - Evaluation Model Adequacy

« Step 14 & Step 18: Evaluate the model adequacy
(top-down and bottom-up) (cont.) I

— Time step size
I

Main Time Step

DTPRI 4

Primary Loop Time Step
Ends on Main Time Step

DT

.t
DELT-J—J—..J J

Heat Transfer Time Step
Ends on Main Time Step

e
e

Coolant Time Step
Ends on Primary Loop
and Main Time Step

]](a)(4), ECI

TIMCLZ

[
I L
Start of Main TIMHT2 - TIMPR2 TIME2

Time Step

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 4 - Evaluation Model Adequacy

« Step 14 & Step 18: Evaluate the model adequacy (top-down and bottom-
up) (cont.) Hot Channel Factor

» To account for the various uncertainties for the pin-level PCT

» With respected to the coolant temperature rise, convective heat transfer between
coolant and cladding, the cladding dT to the inner surface, and the hot subchannel
coolant temperature relative to the assembly bulk temperature

» Added to the assembly-averaged PCT

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 4 - Evaluation Model Adequacy

* Steps 15,16, 17,19, & 20

— Will be conducted as directed as assessments are
performed

— Benchmark analysis for EBR-II, FFTF and Phenix were
performed as initial code assessments for the
representative events

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054
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Element 4
Assess Evaluation Model Adequacy

Closure Relations (Bottom-up)

13. Determine model pedigree and applicability
to simulate physical processes

14. Prepare input and perform calculations to
assess model fidelity and/or accuracy

15. Assess scalability of models

Element 4
Assess Evaluation Model Adequacy

Integrated EM (Top-down)

16. Determine capability of field equations and
numeric solutions to represent processes and
phenomena

17. Determine applicability of EM to simulate
system components

18. Prepare input and perform calculations to
assess system interactions and global capability
19. Assess scalability of integrated calculations
and data for distortions

20. Determine EM biases and Uncertainties

Terrapower. NATRIUM




Element 4 - Evaluation Model Adequacy

Bottom-up code adequacy summary: Focused on closure relations
« Step 13
— Pedigree: The history, development procedures, and basis for each correlation in
the code as well as the uncertainty of the data used to define each correlation(s)
are documented. The assumptions and limitations of the models are also
documented.
— Applicability: Focus on using information from pedigree - establish the range of
applicability, uncertainty, and limitations of correlations
« Step 14 Fidelity & accuracy: Correlations used in code are to be used as published or
have justification for revision (no ad hoc modifications); plan to use assessment
process described in RG1.203, App. B, pp. B-9 to B-10; goal: to examine all key
phenomena to determine if reasonable
« Step 15 Scalability: Demonstrate levels of distortions are acceptable and closure
relations are scalable to prototype

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 \ v
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Element 4 - Evaluation Model Adequacy

Top-down code adequacy summary: Focused on integrated evaluation model
« Step 16 Field equations:
— Show equations are correctly formulated and programmed; reviewed & agreed upon
by scientific community
— Numerics: convergent, stable with property conservation; reviewed and agreed upon
by scientific community
« Step 17 Applicability
— Show code capable of calculating key phenomena with reasonable agreement with
data for system
« Step 18 Fidelity: Demonstrated by relevant code assessment studies using IET and SET
experimental data for scenarios with least safety margin
« Step 19 Scalability: Show acceptable distortion levels with respect to prototype and
demonstrate scalability of scaled system to prototype

SUBJECT TO DOE COOPERATIVE AGREEMENT NO. DE-NE0009054 v
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Summary

« EM development principles and regulatory positions are followed

 EMDAP Element 1
— Evaluation model capability requirements developed
— PIRTs developed, future revision planned to reflect final Natrium design

« EMDAP Element 2

— Legacy test data identified

— TerraPower tests identified to fill the gap between phenomena ranked “High” in the
PIRTs and legacy test data

— Assessment matrix for validation developed
— Scaling analyses were performed

* EBR-II

 TerraPower Test Facility
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Summary

« EMDAP Element 3

— Primary safety analysis computer code selected
= SAS4A/SASSYS-1
— EM structure developed
— EM development plan established
— Three new closure models implemented following the required SQA procedure
« EMDAP Element 4
— Evaluate the model adequacy (Top-down and bottom-up) planned

— Benchmark analyses performed
= EBR-II, FFTF, Phenix
= New tests (IET and SETs) are planned to complete the assessment base
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Acronym List

AOO - Anticipated Operational Occurrence
ANL - Argonne National Laboratory

BDBE - Beyond Design Basis Event

CGD - Commercial Grade Dedication

CRD - Control Rod Drive

CRDL - Control Rod Drive Line

DBA - Design Basis Accident

DBE - Design Basis Event

DID - Defense in Depth

EBR - Experimental Breeder Reactor

EM - Evaluation Model

EMDAP - Evaluation Model Development and Application Process
EPZ - Emergency Planning Zone

FFTF - Fast Flux Test Facility

GV - Guard Vessel

IAC - Intermediate Air Cooling

IET - Integral Effect Test

IFR - Integral Fast Reactor

IHT - Intermediate Heat Transport System
IHX - Intermediate Heat Exchanger

LBE - Licensing Basis Event

LOOP - Loss of Offsite Power
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NQA - ASME Nuclear Quality Assurance

NSTF - Natural Convection Shutdown Heat Removal Test Facility
PCT - Peak Cladding Temperature

PHT - Primary Heat Transport System

PIRT - Phenomena Identification and Ranking Table
PLOF - Potected Loss of Flow

PRA - Probabilistic Risk Assessment

PRISM - Power Reactor Innovative Small Module
QHO - Quantitative Health Objective

RAC - Reactor Air Cooling System

RCC - Reatcor Core and Core Components

RES - Reactor Enclosure System

RWAP - Rod Withdrawal at Power

SET - Separate Effect Test

SFR - Sodium-Cooled Fast Reactor

SHRT - Shutdown Heat Removal Tests

SQA - Software Quality Assurance

SSC - Structures, Systems, and Components
TREAT - Transient Reactor Test Facility

UIUC - University of lllinois at Urbana-Champaign
ULOF - Unprotected Loss of Flow

VTR - Versatile Test Reactor
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