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Introduction (inverse modeling)

𝐦: reservoir parameters

𝐝: simulation responses

𝐟: a reservoir simulator

𝐟 𝐦 = 𝐝
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Introduction (ensemble-based methods)

⚫ Objective function

𝐉 𝐦 = 𝐦−𝐦𝐛 𝐓
𝐁−𝟏 𝐦−𝐦𝐛 + 𝐝𝐨𝐛𝐬 − 𝐝

𝐓
𝐑−𝟏 𝐝𝐨𝐛𝐬 − 𝐝

𝐦 = 𝐦𝐛 + 𝐊(𝐝𝐮𝐧𝐜 − 𝐝(𝐦𝐛))Jb, Background term Jo, Observation term

𝛁𝐉 𝐦 = 𝟎

𝐊 = 𝐂𝐦𝐝(𝐂𝐝𝐝 + 𝛂𝐂𝐃)
−𝟏

𝐦: state vector (model realization)

𝐦𝐛: state vector before update

𝐁: covariance matrix of 𝐦𝐛

𝐝: simulated response of a state vector

𝐝𝐨𝐛𝐬: observation data 

𝐝𝐮𝐧𝐜: perturbed observed data

𝐑: covariance matrix of observation error

𝛂: inflating coefficient of 𝐂𝐃

*Assuming Gaussian dist.

Transformation of parameters of a channel reservoir

◆ Distribution modification

• Normal Score Transformation (Shin et al. 2010)

• Level Set (Lorentzen et al., 2013)

◆ Image process

• Discrete Cosine Transform (DCT)         
(Jafarpour and McLaughlin, 2007)

◆ Learning algorithm

• K-Singular Value Decomposition (K-SVD) 
(Kreutz-Delgado et al., 2003; Aharon et al., 2006)

(Emerick and Reynolds, 2013;

Chen and Oliver, 2013)
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DCT and IDCT application
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K-SVD for a geological dictionary

Words selection A sentence

“I love cookies”

Or the book

‘Romeo & Juliet’

Or even every books

of library
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Procedures of K-SVD
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Literature review

▪ Aharon et al. (2006): showed the efficacy of K-SVD in image reconstruction.

▪ Li and Jafarpour (2010): extracted essences of geologic features in DCT domain.

▪ Liu and Jafarpour (2013): investigated coupling effects of DCT and K-SVD for

representations of facies connectivity and flow model calibration.

▪ Sana et al. (2016): built geologic dictionaries from thousands of static reservoir

models using K-SVD and updated models by EnKF

▪ Proposed method: geologic dictionary update based on DCT and K-SVD in each

assimilation of ES-MDA
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Methodology (Update of a dictionary in ES-MDA)Methodology (Update of a dictionary in ES-MDA)
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Methodology (Overall procedure)

Update dictionary
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Experimental setting
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Dictionaries in each assimilation by the proposed method
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Updated ensemble samples from five methods 
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Gas rate of the updated ensemble
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Water rate of the updated ensemble
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Computation time and error of five methods

Only for

construction of dictionaries
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Conclusions
1. This study proposed a framework of ES-MDA coupled with 

DCT and K-SVD.

2. This study updated geologic dictionaries with qualified 

reservoir models considering dynamic observed data during 

each assimilation of ES-MDA.

3. The proposed method remarkably reduced computational 

cost and complexity.

4. ES-MDA+DCT+i-K-SVD worked properly and gave overall 

enhanced performance in terms of channel properties and 

prediction of productions.
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