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Simulator Platform
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accuracy in power plant design
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® NESTLE / S3R Neutronic Models

® MELCOR / MAAP Severe accident
models.

® ?2-Phase flow network model tool
with graphical modeling capabilities

® Electrical network tool

® Logic & Control and Relay Tools
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Simulator’s Scope of Use
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Simulation Assisted Engineering
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SAE Enables Insight Throughout the Engineering Process
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New Builds Upgrades

Conceptual Designh & Licensing Design & Build Testing & Commissioning
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SAE Key Benefits

Ease of use for
end-users

Accurate and high-fidelity
modeling of systems

Resolve problems earlier -
Infinitely scalable
and faster
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Higher efficiency

Multi-user, parallel
project development




SAE — In Conceptual Design and Licensing
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Example: APR1400 Control Room Simulator

¥ Control room simulator was used for HFE studies.

® Cameras and Operator Action sensing equipment. Eye movement,
heart beat, head and hand movement




APR1400 was chosen by UAE before completion of construction

€ Barakah 1 began construction before the Shin Kori 3 nuclear power
plant was completed.
® The simulator played a key role in gaining confidence in the APR1400.

Year il 2002/3 | 2004/5 2006/7 2008/9 2010/1 2012/3 § 2014/5 2016/7 2018/9

Simulators
APR1400 S S Shin Kori 3 Construction

Shin Kori 3&4

Barakah *FSS1

Barakah FSS2

APR1400 //'

Barakah **OSSA

Simulators

7 *FSS: Full-scope simulator
* [ KAERI 9 **0OSSA: Operating Support Services Agreement



SAE — In Design and Build

® Systems engineering objects 7H'& — P&IDs, Logic & Control and
Electrical Diagrams

@ Developing equipment sizing and capacity specifications
€ Engineered safety features and redundancy design
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Example: The Virtual SAE Plant
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The Virtual SAE Plant Development Process

Approach: Virtual SAE Plant
» Integrate simulation into design process ' B

» ldentify defects and performance gaps

= |terate to optimize & validate
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Qntegrate BOP and NSSS after independent development

Example NATRiUM



발표자
프레젠테이션 노트

Animated Slide
CLICK – show NI portion

In a nutshell, the Natrium reactor is a glorified salt heater. Traditional nuclear plants make steam. The Natrium nuclear island does not. We heat salt. Nitrate salt. The reactor heats salt received from cold salt pumps taking suction from the cold salt tank. That heated salt is stored in a hot salt tank. The reactor does not care how the hot salt is used. Basically, all the reactor operators need to do to operate the Natrium reactor is control pump speed and have knowledge of the cold tank salt temperature and level.

CLICK – hide NI and show EI

This depicts the basic configuration of the energy island. This part of the Natrium integrated energy system was adapted from the concentrated solar power industry. We increased the strength of our supply chain by eliminating sodium heat steam generation in favor of this more commercially available power production system. More importantly the molten salt system offers greater flexibility because of energy storage.

Notice how you don’t see the reactor in this image. That’s because coupling of the reactor and steam power production system is not necessary because of energy storage. Basically, for the EI operators to change power according to grid demand all they need to control is the hot salt pump and have knowledge of the hot salt temperature and level.

CLICK – show interface

The molten salt tanks is where the two islands interface. The decoupling not only eliminates nuclear licensing of the EI but it drastically reduces the duty cycle of the reactor because it does not need to participate in grid demand changes. The NI operates at 100% 24/7 while the EI fluctuates in power to capture the highest prices of the day.

There is thin red line separating the NI, from the TI. It is a clear division to separate nuclear and non-nuclear scope. 
One of Natrium’s key design philosophies is its “decoupling” approach to plant design. 
This approach is enabled by the inherently self-protecting reactor and the use of molten salt energy storage tanks. 
The Nuclear Island boundary conditions have been intentionally designed so its interface with the rest of the world does not impact its safety case. We call this “regulatory decoupling”. Similarly, steam generation and thermal energy storage operations (e.g. ramp rates) are relatively indepenent from reactor power operations due to the prescence of molten salt energy storage tanks. We call this “operations decoupling”.

Why it matters: Decoupling enables the majority of the plant (i.e., the Energy Island) to be designed, constructed, and operated by a non-nuclear project team without being subject to nuclear regulations thereby reducing capital & operating costs. Nuclear operators focus on operating the nuclear heat source without the need for a skill set that includes operation of a steam electric plant. Operator training, quality, and maintenance programs between the “two islands” are separate, which reduces expenses by reducing spillover of nuclear practices into areas that do not need it. The Energy Island operators focus on following load demand, managing salt levels and turbine outputs without interference of nuclear issues. Decoupling also makes it straightforward to use Natrium for alternative applications, including process heat and hydrogen generation.





Key points
The reason we went through reactivity differences in the previous slide was to point out the driver of the order of magnitude difference 

1:45

Slide referenced from presentation: PRES.Bass.Na Physor 2022.05.13.pptx
Confluence page: https://sfr.terrapower.com/display/NATRIUMD/1525+External+Public+Facing+Presentations



SAE — In Testing and Commissioning
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(0ll) SAE Experiences saving commissioning time
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ANSI/ANS-3.5.1.202x Draft SAE Standard (not yet approved)

American National Standard - Nuclear Power Plant Simulators for
Use in Simulation-Assisted Engineering and Non-Operator Training

Potential Benefits include:
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발표자
프레젠테이션 노트
ANSI/ANS-3.5.1.202x – SAE Standard in Draft – Not Approved yet 


%NSI/ANS—B.S.LZOZX Draft SAE Standard (not yet approved)
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발표자
프레젠테이션 노트
ANSI/ANS-3.5.1.202x – SAE Standard in Draft – Not Approved yet 


Benefits and Application of Recent Simulators

Training Engineering Support
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Procedures
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