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Method

* We are using Symbolic Regression, a subset of
Genetic Programming.

* We try to explain/predict our data using functions

« Simpler functions are prefered, when their
explanatory power Is the same.
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Symbolic Regression

* Models to be evaluated are functions, here represented

IN a tree structure .
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* We can generate random functions and evaluate them,
but this Is inefficient. We need something else...
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Genetic Algorithms

« Models are evaluated, models with bad fithess are
discarded.

* Higher fithess models are used as a base for new
model generation

« Generation to generation, the fithess of the entire
population will increase
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So Symbolic Regression is...?

* A genetic algorithm
* Optimizing functions that explain the data
» Selecting the simplest possible from those
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Velocity prediction:

* S-wave Information is normally scarcer than P-wave
Information.

* We can discover empirical relations, locally valid on the
field scale.

« Known equations can be used as starting points
 The same Is valid for other petrophysical properties.
Vs prediction using Vp and TWT

» Two wells training, two wells testing
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Selecting models

V= 0.6615397V,, — 495.6991379
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Facies classification:

« Stanford VI - One layer tested.
« 32 wells (50 % data training 50% testing). I

* The method generates a continuous
function with domain [—oo, +-o]. S

* We must "squash” these values with a
function to obtein a 0/1 classification.

* This also works as a classification
uncertainty surrogate.
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Geostatistical inversion with genetic programing
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Two case studies:

1) Simple relationship between density, Vp; and
Vp, Vs

2) Complex relationship between density, Vp;
and Vp, Vs
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Inversion approach 1) simple relationship
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Inversion approach 2) complex relationship
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Dataset description

““““““ e Grid size: 399 x 599 x 73.

« 6 iterations - 32 models of Density simulated at each iteration
« All5wells

AN e Cell thickness in k =4 ms
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CERENA

Conclusions

* Good results with 1/3 of computational effort.

« Other RPM'’s can be used — facies classification can also be
Integrated.

« Data driven approaches to rock physics are feasible.
* Properties predictions, are good quality, and fast.

* Applications of machine learning techniques have high potential:
In exploration and modelling, since we now are in big data
environments; also in production management, inserted in smart
fields environments.
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THANKS!

* To Nutonian for permission to use Eureqa software.

* To Schlumberger for permission to use Petrel
software.

 To the audience.

* Any questions?
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