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I Disclaimer

DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any mmformation, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.
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Jl Outline
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- Introduction

« The urgency to mitigate carbon emissions across the industrial and
residential sectors has underscored the significance of nuclear-

powered integrated energy systems (IES).

 High-fidelity physics-based models of nuclear-powered IES have
peen developed to understand and represent the dynamics and
Interactions among various components of the IES

* The physics-based model, however, while comprehensive, are
burdened by their complexity and computational intensity.

» The development of a surrogate model for IES represents a pivotal
step in bridging the gap between the intricacies of physics-based
models and the necessity for quick and accurate predictions in real-

world applications.




- Nuclear-powered Integrated Energy System (IES)
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llll Surrogate (or Reduced Order) Model

« Surrogate models are simplified and approximate versions of more complex models.

* They are used when the original model is computationally expensive or time-
consuming to evaluate.

» Types of surrogate (or reduced order) models:

— Parametric models:
- It is based on mathematical equations that describe the behavior of the system
using reduced number of parameters.

— Data-driven models:
* These models are developed using data collected from the original system.

- Hybrid models:
* In some cases, both parametric and data-driven approaches can be combined
to create hybrid models that take advantage of the strengths of each

approach.




Jll Data-driven Surrogate Model Development

ldentifying input and output variables

Data Generation

Data Pre-processing

Selecting a modeling technique

Training and testing of the model
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Il Data-driven IES Surrogate Model
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I Training of Multi-layer Perceptron (MLP)-based
Surrogate Models

Individual MLP-based surrogate
model used for each IES
component.

After data normalization, the
random partitioning of the original
dataset is done by splitting training
and test set at a ratio of 80:20.

Optimal set of hyperparameters are
obtained by searching from the
hyperparameter distribution using
Randomized Search Technique.

TABLE 1
HYPERPARAMETER DISTRIBUTION FOR RANDOMIZED SEARCH.

Hyperparameter Values

(20,), (50,), (100,), (50, 20), (100, 50, 20),

Hidden Layer Sizes (100, 50, 20, 20), (100, 50, 20, 10)

Activation Function Identity, Sigmoid, Tanh, ReLLU

Optimizer SGD, Adam, L-BFGS
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Il Evaluation Results of the Isolated Surrogate Models

TABLE 11
ISOLATED SURROGATE MODELS EVALUATION RESULTS WITH BEST HYPERPARAMETERS.

Surrogate Model Output Variable Hidden Laver Size  Activation Optimizer RMSE  R-squared Score

Mout,SMR (100, 50, 20, 10) Identity L-BFGS  0.00002 0.99999
SMR hout SMR (100,) Sigmoid L-BFGS  0.06911 0.99999
Pout. SMR (100,) Tanh L-BFGS  0.00229 0.99999

Mout, HTSE (100, 50, 20, 20) Tanh L-BFGS  0.11324 0.99936

HTSE hout HTSE (100,) Sigmoid L-BFGS  9.48567 0.99898
mMH, (50.) Tanh L-BFGS  0.00275 0.99829

Pyen (100, 50, 20) ReLU L-BFGS  0.04105 0.99999

BOP mrov (50.) Sigmoid L-BFGS  0.05367 0.99999
mpgy (50, 20) ReLU L-BFGS  0.03424 0.99999

DH TPH (50, 20) Sigmoid Adam 0.09521 0.99949
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- Conclusion and Future Work

* In this paper, a simplified, data-driven surrogate models for a nuclear-
power IES was developed by combining individual MLP-based surrogate
models representing key components: SMR, HTSE, BOP, and DH.

- The models demonstrated the ability to capture the complexities of
nuclear-powered IES components, offering insights into their behaviors
without the computational overhead associated with traditional physics-
based simulations.

* The alignment between predicted and actual values underscores the
robustness and applicability of the approach, paving the way for its
practical deployment in optimizing and managing energy systems.

* As the future work, the developed surrogate model will be integrated with
the optimization tools to expand its capabilities. This future work aims to
explore its potential in forecasting additional variables beyond its current
scope.
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Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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