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Mathematical Description of M ovement

Passive Particle
X = X + UrDt
Yieg = Y, + VDL
Z = Z, + WDt

ensory Volume—— s g on®®

ActiveParticle’
Xiaa = X + (UAUsq) ™ Dt
Yo = Yo £ (V4 Vi)™ Dt
Zisg = Z; & (WE W)™ Dt




C ={e.qg., velocity and/aor acceleration vectors,
temperature, dissolved oxygen, turbulent Kinetic
energy, turbulent length scales, pressure, etc. }




|ntegration for Analysis and Simulation

3-D Computational Couple: 3-D Biologica
Fluid ——> Tracking
Dynamics Data

Data | ntegration
Data Mining and Analysis
Simulation
Optimization
Graphics
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Behavioral Guidance Structure
(BGS) Curtain

Surface Bypass Collector
(SBC) Gallery
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Boundary of 3-D Computational Fluid Dynamics (CFD)
Model Grid
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1on of Flow
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if CFD and Tracking Information

Lntegracior

Or. John M. MNe
JSAE ERD

« Consistent georeferencing

e |nstrument limitations and liabilities
(e.g., out-of-boundsfish, “...isit really afish?’)




|ntegration of CFD and Tracking I nformation

Extract 3-D flow
Did the hydraulic information from around
~ features near thefishat  eachfish location
Time 3 contributetoa  (I-&, fishping) g

change in direction? e
®




Numerical Fish Surrogate

(Real System)

NFS Data | ntegration Module

L ocates points in distorted 3-D CFD computational cells

» Calculation of and interpolation of flow valuesto fish-oriented sensory points
Determines whether points are in-bounds or out-of-bounds
Calculates 19+ fish movement variables in 3 reference frames
Calculates 146+ potential forcing functions

o 44 variables at user-defined number and |ocation of sensory points

Uses Cartesian-contravariant space for efficient computations
» Largedatasets V-E-R-Y memory intensive
* |Improves program speed
» Reduces computational reguirements

7,000+ linesof FORTRAN 90 code

Advanced 3-D Tecplot and MATLAB graphics
» Graphical analyses of multi-scaled data




Separate Passive Transport & Volitional Swimming

Volitional
M ovement

Total Movement

- S—

Passive  Volitional
Transport Movement

|f total movement greater than passive
transport, then fish swims with flow:

e—- (Head First

|f total movement less than passive
transport, then fisn swims against flow:

(Tail First
=




Obtain Position Pairs

Observations 1-8

Note: Autocorrelation
& other biases

For a constant time step:

New Position, = Old Position, + u +
(Usiq, + random # +
biases)

Multiple Regression Analysis (X, Y, 2):
U.q, = b + @, (velocity) £
b, (accel eration) +
d; (turbulence intensity) +
e, (turbulence dissipation)  +
f. (other hydraulic variables) +

g (secondary variables)




RSquare, » RSquare,
Usisnr» Usigny
Residuals, » Residuals,
e

Verify on Independent
Data Set

/

random # + Biases.,)) random # + Biases,))




Numerical Fish Surrogate

(Virtual System)

NFS S mulation Module

— Fish movement relative to fish-orientated, not CFD, reference
frame

— Uses Cartesian-contravariant space for efficient computations

» Moves points (fish) within and between distorted cells and multiple blocks
(for multi-block CFD)

 Location of and interpolation of flow values to fish-oriented sensory points
e |mproves speed of V-E-R-Y memory intensive simulations

— 10,000+ linesof FORTRAN 90 code

» 1500+ lines for behaviora (stimuli-response) rules
— Structured for quick substitution/revision of behavioral rules

— Structured for optimization procedure using
NFS Data | ntegration Module

— 3-D animation
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Fish Passage Status

Decisions
100
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Virtual Data (after 200 time steps)
Virtual fish released from same locations that
actual fish were first detected by field equipmen
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Fish Passage Status
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o Ay ebel, Virtual Data (after 700 time steps) -
Virtual fish released from same locations that
actual fish were first detected by field equipment
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30 Tracking Dala
L5G5 EBRD
FMNMNL Batlells

Comparison
Virtual fish in yellow
Actual fishin
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o Ay ebel, Virtual Data (after 1000+ time steps). .
Neutrally buoyant particles released from the same locations;.
that actual fish were first detected by field equipm




