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@ Objective
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Support development of deeper
comprehension of nuclear power plant
flooding risks through three pathways:

1. Execution of component flooding
experiments

2. Comprehensive data analysis and
component fragility curve development

3. Integration of component fragility into
flooding simulation



é Portal Evaluation Tank
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. 2,000-gal tank
. 8,000-gal reservoir
- 4500 gpm pump

- 8 ft x 8 ft opening for
components



@ Instrumentation
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2 inlet flowmeters
2 outlet flowmeters

2 pressure based
depth measurements

Small leakage
measurement using V-
V-notch weir




@ Hollow-core Door
. Experiments
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- Inexpensive
- Rapid

- Learning to
build

- Learning to
operate

- Learning to
collect data
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@ Steel Door Experiments

Representative of
iIndustrial setting

Required
strengthened
construction

Outward swinging
Inward swinging

. With and without

dead-bolt



@ Inward Swing Steel Door
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-1 Fragility Modeling
% Approach
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« Most fragility modeling has
focused on seismic component
fragility determination

« Additional observables may be
better indicators for the
potential of failures

* X, Y, and Z parts of the ground
motion

* Frequency of the wave

* Age of component

* Anchorages of the component

* Specifics of the component type

« Limitations can be avoided by moving to a more flexible, data-
informed approach

* Bayesian fragility modeling through experiment-driven regression
modeling



é Model Development
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Door Data
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é Bayesian Inference
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®* Need a model that represents the failure of a component during a flooding event
* Binomial model
e Key variable is probability of failure, p

* Determine what observable phenomena drive failure
®* Turn the parameter p into its own regression model
®* pis possibly a function of the water depth, flow rate, and even temperature

]‘Model

]'Prior Distributions
Dia\ta
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a (intercept)
b (depth coeff.)
¢ (flow rate coeff.)

sat. deviance
Chi-square
p-value

Likelihood ratio
p-value

Freeman-Tukey
P-value

DIC

-75.68

2.05

na

12.88 (10.65, 17.43)

0.19

0.38

0.33

14.42

@ Steel Door Results

-8.51 -72.5
na 1.83
0.01 0.007

14.29 (12.07, 18.92) 13.31 (10.1, 18.82)

0.26 0.14
0.36 0.29
0.23 0.21
16.01 15.66

« Posterior estimates can be used with the fragility model to
calculate the failure probability for a steel door:

1

P = —(=7568+2.05D) 11
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@ Steel Door Fragility Curve
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@ Smoothed Particle
~#» " Hydrodynamics
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* Theory
* Particle based, Lagrangian, method « Time stepping scheme
* Interpolation method
* A particle’s property depends on the v = v, + Ata
particles surrounding it t+At_ t t
e  Equations of motion Tegar = Ve + AtV

e  Momentum » Compressibility model

l=—Zm]~ —]2+—;+Hl-j ViWij+g V; v;(t) + At( . m; Il U()+9)
at Pj  Pi ;
pi = pi(t) + Atz m; (v — v}) - VW;;(t)
e Continuity - o
2, () — Po " Pi
api _ Vipi(6) = =1

dt ijvij - ViWi;
J

®* Moving particles

dri _ n 1 Z m] W
at _viTy i) VijWij
]
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@ Particle Spacing Selection
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« 0.0625 m particle spacing

« 0.03125 m particle spacing
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@ Simulation Overlay
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é Fragility Integration

Flooding fragility can improve
simulation to realistically model
component behavior

Couple fragility model to Neutrino
via Python dynamic expression
scripts
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@ Simulation with Fragility
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@ Conclusion

Idaho State
University

Significant progress has been made in all
three pathways

- Walk-then-run approach for experiment
activities
Detailed research on SPH validation and
particle spacing selection

Detailed research on fragility model
development

Coupling of fragility models and flooding
simulation
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