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1. Context: Maritime application (1/2)

A Tidal turbine sector is rapidly growing, towards a commercial
Industrial phase
A Several critical aspects to consider in the evaluation of a technology :
APerformance
ATechnology maturity
ACosts

Alnstallation et maintenance

AEnvironmental impact

A Future issues:
AFarm Effects (wake effect, machine interactions)
ADevelopment of a tidal energy industrial sector

AProtocols («best practices»)

AConsenting process

::eDF Optimal calibration of Telemac-2D models based on a data assimilation algorithm| 27/03/2018 | 3



1. Context: Maritime application (2/2)

Tidal turbine energy yield assessment

Power Energy
P= 5 GCSroto@ E,; =P@T E... =Q PT

Tidal farm resource assessment
ASpatial variations => Where ?

ATime variations => From instantaneous power
(MW) to energy yield (MWhly)

AFunction of power of the current velocity
=>uncertainty on velocity induces an important error
on the power estimation (currently about 30%)

Vitesse (m/s)
-0.75
0.5

How?
ANumerical modelling
AMeasurement campaigns
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1. Hydro-environmental modelling
Complex process and uncertain data

oy

AQuantification and reduction of
uncertainty

Aoptimization of parameters

AForecasting

!

Approximated model: Uncertainty Quantification:

ATELEMAC-MASCARET system Impact of uncertainty on the output of

the model T sensitivity analysis etc
ANot well-known parameters

AUncertain datas : initial condition, boundary

conditions, weather forcing etc Data Assimilation:

Compromise between the approximated
Observations: incomplete view of the model and measurements to better
process but not approximated simulate and forecast
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2. What Is Data assimilation?

U The model outputs are imperfect because many sources of uncertainty, which must be
corrected to better represent the physical system of interest, by combining « observations or
measurements » and the « numerical simulation by the model », using optimal calibration by
data assimilation methodology
Aim of data assimilation:
‘ Find the best compromise between model and
measurements to better simulate and forecast the state

of the system

U Choice of control vector: x can be parameters of hydraulic model, inital conditions,

g . ti
—» Boundary Conditions Observations _
__ Numerical | __
—» |Initial Conditions Model M:del Outputs
—» Model Parameters

Data Assimilation Algorithm <
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2. Optimal calibration: general principle

The classical cost function of data assimilation express the misfit between measurements and
numerical model simulation :

) 2
M%n{.** — Q;L}+ o

In a more mathematical view : the numerical model is embedded in an operator H to compare
measurements Y with simulation H(X) for the given parameters X. Optimal parameters are
searched by minimizing this cost function under feasibility conditions, with prior knowledge on

the parameters:

1 1.
J(X) = SI1X" = X3 + 5I1Y° = HX)|fs

Midfit between calibration Misfit between observations and
parameters and prior knowledge, simulation for calibration parameters

Minimization problem solved used a classical iterative variationnal method :
A 1t requires calculation of the gradient of the cost function with respect to the parameters
A It relies on the estimation of the derivatives of TELEMAC calculation with respect to the

parameters
ﬁ‘a
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2. Gradient estimate of cost function

Divided Program
Differences Differentiation
/
approximated Exact
Calculation Calculation
\\4
Easy use but Time
slow and :

. . consuming
potentially ill- and broaram
behaved : P g

intensive

Derivative evaluation for computer program

q
» -
-~ EDF

Creation of
important
Size program

Minimization problem solved used a

classical iterative variationnal method :

A It requires calculation of the gradient
of the cost function with respect to the
parameters

A It relies on the estimation of the
derivatives of TELEMAC calculation
with respect to the parameters

Various methods to get these derivatives
informations (each with pro/con),
requiring in practice validation and
previous sensitivity analysis
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3. COMPUTING ENVIRONMENT

ACloudCo
mpake

SALOME-

OpenTurns
YACS
ADAO

Example of possible Cross-functionalities based on HydroSolver:

A Uncertainty Quantification

A~ Coupling facility A Data Assimilation

A Multidomains (1D-2D for example) A_Shape optimization

A Multiphysics (water quality, sedimentology, etc.) R Andsoo n é

[ J
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3. How does it work?

Based on the interoperability of hydraulic models and ADAO in SALOME-HYDRO

Interoperability:
Capacity of the software to run and share informations with other different softwares

coupling compatibility

Have building blocks for each software that
can be easily assembled to model complex
systems

ADAO \

Interface 1 Interface 2

- __ - -

/

J
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4. Algorithm verifications: Calibration of friction
coefficient (1/2)
Numerical configuration:

A Telemac-2d model with a finite element mesh of 551 triangles
A Initial guess of roughness coefficient imposed to 15
A Boundary conditions:

i upstream, a discharge is setto 50 ]

U downstream, a water depth is imposed to 1 &
100

> 50

0 100 200 X 300 400 500

Optimization configuration:
A fi de avin-ecxaple r i frarmeworlo
U Observations are water depth on all domain computational nodes at times™Y
T, Tt foeror prere o dproe o
U Observations are synthetic water depth generated numerically with a Strickler
coefficient of 35 m1/3s-1
Objective:

A Exploit the measurements and observations in optimal manner in Telemac, in order to identify
the most probable roughness coefficient
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4. Algoritm verifications: Calibration of friction coefficient

Fonction co(t

(2/2)

Value of the Strickler coefficient according Value of the cost function according to

to number of algorithmic calibration number of algorithmic calibration iterations
iterations
9000 a0
8000 35

7000

) R 30
—&— [Fonction codt

wn
6000 =
2 25
5000 =
©
4000 Q 20
o
©
2000 =
9 10
1000
5
0 o—o—o—o
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-1000 o 0
itérations 0 2 4 6 8 10 12

itérations

To conclude:
A Well behavior of the data assimilation computation chain allowing to find automatically an
optimal roughness coefficient.
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5. Numerical configuration

umerical configuration

A Telemac-2d model (35361 elements)

Boundary condition :
U Tidal TPXO database imposed
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g',‘,"e:g‘gmv.éhl
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AVAv

s

Optimization configuration:
A Existing 6-month and two-point measurement campaign (2009/2010):

U Averaged velocity
U Water depth

Vitesse (m/s)

-0.75

0.5
EO.QS

0

Objective:
A Exploit the measurements and observations in optimal manner in Telemac, in

order to identify the most probable tidal parameters

J
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5. Sensitivity analysis results

Choice of calibration parameters:
A Friction coefficients (0 h) because two friction areas), tidal parameters (sea level,
multiplicative coefficients of the water depth and the velocity amplitude)

A
4 Coefficient to calibrate sealevel A A
Band C Coefficient to calibrate tidal range A B
AI N Coefficient to calibrate velocity range A C
\/

A Sensitivity analysis based on chaos polynomial decomposition:

Results show the negligible effect of friction
coefficients (0 pmm b o p m P ) compared to the

tidal calibration parameters (0 wd® o p T b D
pmth )
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