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Overview

= A practical plant-level system analysis tool for advanced reactors (SFR, LFR,

MSR/FHRY);

= Advances in software environments and design, numerical methods, and

physical models;

= Flexible multi-scale multi-physics integration with other high-fidelity tools.
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Presenter
Presentation Notes
Related to Gap Analysis:
It’s important to highlight the spectrum of fidelity needs. There is a gap of modern low- to mid-fidelity to codes that can be used to perform rapid design simulations, without the cost and applicability burden associated with high fidelity tools.

High-order spatial and time discretization schemes: improved accuracy and enhanced code performance;
Component-based structure for user friendliness; 
A set of Components developed, and SFR system simulation capabilities demonstrated, with great code performance;
SAM/STAR-CCM+ coupling demonstrated, SAM/Proteus and SAS/SAM coupling ongoing. 
FHR modeling capability being pursued. 
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Built-on MOOSE framework and
other modern software libraries

e Advanced solution methods

= Modern code development practice

e Object-oriented C++ code Component Physics  MultiScale Multi- STAR-CCM+

Integration Physics Integration T SHARE
e Modular, easy to develop and SASAA/SASSYS-1
incorporate new capabilities

e Designed for easy code reuse and Fundamenta Physic
; M
code maintenance; SEEE

= Component based development
e User friendliness

= Flexible for coupling with other M&S
tools for multi-scale multi-physics
modeling.

SAM

Supporting Elements

MOOSE

#HENEAMS
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Presenter
Presentation Notes
Related to Gap Analysis:
Modernized low- or medium-fidelity tools are seemingly lacking, yet are critical to early design and development.  Lower-fidelity tools that incorporate modern paradigms (object-oriented programming, simple and intuitive interfaces, scripting language APIs) can enable rapid iteration and incorporation into various design tools (in-house or commercial), yet these tools are often neglected in favor of super-high-fidelity tools, which are valuable later in the design process but are too resource-intensive to be helpful in earlier design stages.

fast stand-alone simulation capability, while providing boundary conditions in coupled SAM/SHARP simulation;
enlarge the application ranges for high-fidelity NEAMS tools;
advanced, high-accuracy
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= Robust and high-order FEM model of single-phase fluid flow and heat transfer
has been developed and verified;

= Component-based code development and system modeling;
= Flexible coupling capability between fluid and solid components enables a

wide range of engineering applications;
temperature
810
‘800
700
*600

= Closure Model Enhancements.
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Presenter
Presentation Notes
System modeling capabilities have been demonstrated and validated with ABTR and EBR-II simulations, with great code performance;
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Application to an SFR IVS
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= |n-Vessel Spent Fuel Storage design relies on natural convection and conduction to
remove the decay heat in the spent fuel assembilies.

= SAM is uniquely suitable due to its flexibilities, accuracies and efficiency for modeling
the conjugate heat transfer and natural circulation.

= Heat transfer to all major solid structures must be modeled, including the assembly
duct wall, the core barrel, the IVS shroud, and the core shielding.

= Timely analysis assured the safety of the spent fuel storage, also avoided the

potential design changes of the IVS. 660
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Presenter
Presentation Notes
Two-region core channel model in SAM was applied to account for the temperature differences between the center region and the edge region of the coolant channel inside the fuel assembly. 
Two series of IVS cooling analyses are conducted for different decay heat levels with β=0.05 and β=0.1, respectively, as the lower and upper bounding analyses (based on previous CFD analysis results). 
It is seen that the peak sodium temperature would decrease with the increase of refueling time, and it would be below 590 °C for decay heat level at 14 days after shutdown. This indicates that the current IVS design is sufficient to remove the decay heat in the IVS spent fuel. 


T B U.S. DEPARTMENT OF

@ ENERGY

Nuclear Energy

SAM Core Modeling Options

= Single-Channel Modeling

= Multi-Channel Modeling
— Enabled by flexible fluid-solid CHT model in
SAM;
= Flexible Full Core Modeling

— HexLatticeCore component developed for
SFR core modeling;

— Automatically generate the core lattice (Multi-
Channel or Single-Channel), and inter-
assembly structures based on simple inputs.
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Presenter
Presentation Notes
Related to Gap Analysis:
A tightly-coupled reactor kinetics/heat transfer solver, that uses simple neutronics (point kinetics) but allows for more detailed heat transfer (multiple-component, 1D/2D/3D) in a modern multiphysics coupling environment.  
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Virtual 3D Full-Core Conjugate
Nuclear Energy Heat Transfer Modeling

= 7-Assembly demonstration problem with high power
Assembly 0, and low power Assembly 6

e The six sides of the hexagon duct wall of one assembly
are modeled separately;

e Multi-channel assembly model is used;

e Very good agreement with CFD results, while the
computational cost is reduced by 5-6 orders of magnitude.
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Presenter
Presentation Notes
All fluid and solid domain can be auto-generated in the HexCoreLattice component. 
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@WENERGY  Computationally Efficient Multi-
Nuclear Energy Dimensional Flow Model

Objectives: Model the multi-dimensional flow and thermal stratification
phenomena in large enclosures (outlet plena) for reactor safety

analysis.
= Multi-dimensional conversation equations on a coarse mesh;

* No turbulence modeling;
= Developing closure models for inter-cell interaction and wall frictions;

= Additional diffusive term in the energy equation to account for the
turbulence effects and the use of coarse mesh.
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Presenter
Presentation Notes
Related to Gap Analysis:
	3-D Modeling capability of TH system analysis code
Options to model the shear stress term:
Direct modeling, usefulfor laminar flow cases; 𝜏_𝑖𝑖=2𝜇 (𝜕𝑣_𝑖)/(𝜕𝑥_𝑖 )−2/3 𝜇𝛻𝑣 ⃗, and 𝜏_𝑖𝑗=𝜏_𝑗𝑖=𝜇 ((𝜕𝑣_𝑖)/(𝜕𝑥_𝑗 )+(𝜕𝑣_𝑗)/(𝜕𝑥_𝑖 )); 
Inviscid flow assumption: 𝜏 ̿=0;
Porous medium assumption: 𝛻∙𝜏 ̿=𝛼|𝑣 ⃗ | 𝑣 ⃗+𝛽𝑣 ⃗

𝑘_𝑒𝑓𝑓: effective thermal conductivity, and 𝑘_𝑒𝑓𝑓  =𝑘+𝛼, which accounts for both normal thermal conductivity and additional diffusivity due to turbulence and the use of coarse mesh; 
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= Test Problem: natural convection in a square cavity
* Fixed temperatures on left and right walls; adiabatic top and bottom walls;

Ra = 1.0 x10°
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Presenter
Presentation Notes
Full shear stress model used;
Multiple cases were run for different Rayleigh numbers; note the changes from conduction-dominant  to convection-dominant with the increase of Rayleigh number. 

Reference: 
Krane, R. J., and J. Jessee. "Some detailed field measurements for a natural convection flow in a vertical square enclosure." 1st ASME-JSME thermal engineering joint conference. Vol. 1. ASME New York, 1983.
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Multi-Physics Multi-Scale
Nuclear Energy |nteg ration

= Flexible multi-scale multi-physics
Integration through coupling with
other M&S tools

= Coupling with CFD codes

e STAR-CCM+
e Nek5000 (under development) i
= |ntegration with SAS4A/SASSYS-1 ST T e con
e Joint collaboration between DOE- N g s
NE’s ART and NEAMS programs 500
= Planned Additional Coupling s
e PROTEUS
=

e SHARP/SAM/Bison/Workbench
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Presenter
Presentation Notes
SAS: Transient safety analysis simulation for SFRs, Anticipated operational occurrences, design basis accidents, Beyond design basis (severe) accidents
SAM: Modern code structure, Flexibility in building complex system models, Advanced numerical methods and physical models

Related to Gap Analysis:
Multi-physics tightly coupled analysis tool (neutronic + TH + fuel performance etc.)
Fuel performance analysis code covering the full fuel life cycle and under accident scenarios
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= Engagements with FHR IRPs

under DOE-NE's NEUP SAM Model of PB-FHR DRACS
program

e FHR system T/H modeling
e Code benchmarks
= NEUP project on salt freezing
modeling
e 1D freezing module in SAM

= Argonne LDRD project on MSR > /
mOdenng & —07 08 2 16 2 2«

Position (m)

e Radiation heat transfer (Work performed by K. Ahmed (UWM) under the
support of NEUP fellowship)

e Liquid fuel transport in the
primary loop
e Additional closure models for

salt fluid I NEAMS
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Presenter
Presentation Notes
Related to Gap Analysis:
Physicochemical Properties 
Salt Freezing & Melting
Radiation heat transfer
Delayed Neutron Drift 

special interests may include the delayed neutron precursor flow, liquid fuel residence time inside and outside the core. Scalar transport capabilities can be implemented in SAM for system-level modeling of liquid fuel transport. 
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Following QA and verification approaches used
by MOOSE and MOOSE-based applications. Agomne® e s

oesroey

» Continuous development with version control

* Unit testing
o L| n e Cove rag e ::rai:;c:i:i:oadlrlic\faIidation Plan for the SFR System

Over 150 test problems have been developed
and included in the regression test suite

Software Verification

* Regression, Benchmark Tests, and Bug Reporting
 Documentation

« Verification with Analytical Benchmarks

» Verification with Code-to-Code Comparison

Software Validation
« Unit, Component, Subsystem, System, Integral tests

« Validation Matrix and Gaps
« EBR-II, FFTF, CIET, etc.

FHENEAMS
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SAM User Engagements

= Usage
- Availability/Computational resource Argq,@ng:?
- Input syntax/GUI
= Limited distribution only
- Non-Disclosure Agreement SAM User's Guide for Beta Testing

- Special agreement with universities;

- Users: UWM, OSU/UM, ORNL/PSU, Oklo Inc.
etc.

" Free open-source license planned for
STH (pipe-network) simulation capabilities

* Training/Tutorial

= |nternal use at Argonne
- KAERI SPP on PGSFR design

- DOE programs: ART, AFC = NEAMS
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Presenter
Presentation Notes
Related to Gap Analysis:
System codes for plant transient and accident analysis, Obtaining RELAP5 is cost-prohibitive and slow!
The SNAP graphical user interface requires separate approval access from NRC 
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Ongoing and Future Work

Reduced-order model for thermal-stratification

Enhancements for MSR/FHR modeling
e NEUP project on salt freezing modeling

e LDRD project on MSR modeling

Continued capability enhancements and V&V
e Additional Component models

e User experience (usability)

e Benchmark with FFTF and other IET tests

Multi-scale multi-physics coupling with other M&S tools
e SAM/SAS

e SAM-Nek5000, SAM-PROTEUS

e SHARP/SAM/Bison/Workbench

. FHENEAMS
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Thank you for your attention!
&
Questions?
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BACKUP SLIDES: Glance of

Input File — Tool Usability

[Components]
[./core]

type = HexLattice
position ='0 0 0'
orientation="'00
n_side =2
assem_pitch = 0.
assem_Dft =0.1:

assem_layout ="l
F:

F
radial_power_pea

ref_hs = referenc
ref _duct = duct_w
[../]
[]

17

[ComponentinputParameters]

[./F1]

Input File Execute  Postprocess Visualize

irrameters

AuxVariables

ComponentinputParameters

Components
Branch_CH5_U
reactor
piped
Branch_CH1_L
BranchB
CHs_UP
CH1_LP
Branch_CH1_U
DRACS_inlet
Branch_CH2 U
Pump_s
hot_pool
Branch10
secondary_p

v| CH1

CHz

CH3

CH4

CHs
CH1_UP
CH3a_upP
CHa_LP
pump_pipe
CHz_UP

Open

Lo

PBCoreChannel E
E Advanced
Name Value Options Commen it

A 4.9237e-3

Dh 2972e-3

HTC_geometry_type Pipe E pipe model

HTC user_option Default E

HT_surface_area density 1107.8

HoD 1

Hw

Name CH1

PoD 1

Comment:
5 0.00052'
lad-mat’

_ New Parameter Cancel

1

pela = U.Ul

[./]
-
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Closure Model Enhancements

= Review, select, and implement a set of thermal-hydraulic closure models
- Focused on heat transfer and friction correlations
- Sodium, simple fluoride salt and air EOS models

» Interactions with IAEA NAPRO Coordinated Research Project

= Selection criteria and points of consideration:
- Fluid type (sodium) and flow geometry examined
- Applicable flow regime and geometric ranges
- Uncertainty of correlation
- Model complexity / user-accessibility
- Popularity amongst system code users
- State-of-the-art investigation

= Verified with unit test problems
= [Initial study on the effects of closure models in SFR safety analysis

FHENEAMS
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Presentation Notes
Additional notes:
Student work
Conference paper in preparation
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SAM V&V Plan
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* Phenomena ldentification
o Software Verification

Regression, Benchmark Tests,
and Bug Reporting
Documentation

Verification with Analytical
Benchmarks

Verification with Code-to-Code
Comparison

o Software Validation

Unit, Component, Subsystem,
System, Integral tests
Validation Matrix and Gaps
Schedule and Priorities

Afg%ﬂﬁﬁ

ANL/NE-14/14
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ABTR Model Power and Flow during ABTR ULOF
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Presentation Notes
SAS/SAM coupling improvements needed:
Control-rod driveline expansion
Grid-plate expansion
Implement corrections needed for mass and energy conservation
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