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Well Testing

 Permeability distribution determines flow pattern of hydrocarbon in the reservoir. 
 Most representative permeability information data around the wells by well test.
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Problem Statement
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Our goal is to do well test analysis on variable flow rate data and obtain 
reservoir information

Sources of variable rate data
Variable rate well test Permanent downhole data
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Outline  

 Well test analysis in the system identification framework

 EIV problem with IV

 Physical parameter estimation

 Experimental results
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Problem in well test : 

Given a set of measured (noisy) pm
bh , and variable (noisy) qm

bh

Identify the reservoir model (and corresponding physical properties) 
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Bilaterally Coupling the Systems
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After simplification and keeping the relevant terms:
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Well Test Measurements

A Errors-In-Variable (EIV) in Closed Loop problem
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Identifiability analysis shows that in general A21  can not be identified
uniquely on the basis of the noisy input and output signals only
(Söderström, 2013)

௕௛௠ݍ ሺ݇ሻ ൌ ଵܹଵܵ ሺିݍଵሻݍ௪௛ሺ݇ሻ ൅ ,௤ሺ݇ሻݓ

௕௛௠݌ ሺ݇ሻ ൌ ଶଵܣ ଵܹଵܵ ሺିݍଵሻݍ௪௛ሺ݇ሻ ൅ .௣ሺ݇ሻݓ
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Two-stage Closed-loop Identification
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can be interpreted as iv-method, with iv-signal qwh
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Alternative Options
Using other measurements in the system as 
Instrumental Variable (IV) signal 
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EIVIV algorithm  
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Using IV signal, denoted as z, and calculate the cross-correlation with 
the predictor signal:

ܴఌ௭ሺ߬, ሻߠ ൌ ,ݍଵሺିܪ ሻሺܴ௣್೓೘ߠ ௭ሺ߬ሻ െ ,ݍሺܩ ሻܴ௤್೓௭ሺ߬ሻቁߠ

ൌ ,ݍଵሺିܪ ሻߠ ଶଵܣ ଵିݍ ܴ௤್೓௭ ߬ ൅ ܴ௪௣௭ሺ߬ሻ െ ,ݍሺܩ ሻܴ௤್೓௭ߠ ߬

Plant data generating system

௕௛௠݌ ሺ݇ሻ ൌ ଶଵܣ ଵିݍ ௕௛ሺ݇ሻݍ ൅ ௣ሺ݇ሻݓ

One-step predictor signal

,ሺ߬ߝ ሻߠ ൌ ,ଵିݍଵሺିܪ 	ሻߠ ௕௛௠݌ ߬ െ ,ݍሺܩ θሻݍ௕௛ ߬

ൌ ,ݍଵሺିܪ ሻߠ ଶଵܣ ଵିݍ ܴ௤್೓೘ ௭ ߬ ൅ ܴ௪௣௭ሺ߬ሻ െ ,ݍሺܩ ሻܴ௤್೓೘ߠ ௭ ߬

Dankers et al., IFAC 2014; Automatica, Jan 2016
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EIVIV algorithm  
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Case 1: z is uncorrelated with wp then ܴ௪௣௭ሺ߬൯=0.

Thus  ܣଶଵሺିݍଵሻ ൌ ,ݍሺܩ 	ሻߠ iff 	ܴఌ௭ ߬, ߠ ൌ 0		for	all ߬

Hence by	having	 ேܸ ∗ߠ ൌ ଵ
ே
෌ ܴఌ௭ଶ

ேିଵ
ఛୀ଴ ߬, ∗ߠ ൌ 0	then		ܴఌ௭ ߬, ∗ߠ ൌ 0

and consequently ܣଶଵሺିݍଵሻ ൌ ,ݍሺܩ .ሻ∗ߠ

ܴఌ௭ሺ߬, ሻߠ ൌ ,ݍଵሺିܪ 	ሻߠ ሻܴ௤್೓೘ݍଶଵሺܣ ௭ ߬ ൅ ܴ௪௣௭ ߬ െ ,ݍሺܩ ሻܴ௤್೓೘ߠ ௭ ߬
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EIVIV algorithm  
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Case 1: z is correlated with wp then

Thus ሼܣଶଵሺିݍଵሻ ൌ ,ݍሺܩ ܪ		&	ሻߠ ,ݍ ߠ ൌ ଴ܪ ݍ ሽ iff ܴఌ௭ ߬, ߠ ൌ 0, ߬ ൒ 0

Hence by	having	 ேܸ ∗ߠ ൌ ଵ
ே
෌ ܴఌ௭ଶ

ேିଵ
ఛୀ଴ ߬, ∗ߠ ൌ 0	then		ܴఌ௭ ߬, ∗ߠ ൌ 0

and consequently ܣଶଵሺିݍଵሻ ൌ ,ݍሺܩ .ሻ∗ߠ

ܴఌ௭ሺ߬, ሻߠ ൌ ,ݍଵሺିܪ 	ሻߠ ሻܴ௤್೓೘ݍଶଵሺܣ ௭ ߬ ൅ ܴ௪௣௭ ߬ െ ,ݍሺܩ ሻܴ௤್೓೘ߠ ௭ ߬

ܴఌ௭ሺ߬, ሻߠ ൌ ,ݍଵሺିܪ ሻߠ ሻܴ௤್೓೘ݍଶଵሺܣ ௭ െ ,ݍሺܩ ሻܴ௤್೓೘ߠ ௭ ,ݍଵሺିܪതሾܧ+ ݐሺݖሻݐሻ݁ሺݍ଴ሺܪሻߠ െ ߬ሻሿ
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Case Studies: 
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Instrumental variable ݖ ൌ ௪௛௠ݍ

Identified model = OE(660)    
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Amplitude plot of the identified plant model, 
red: identified model, dotted-blue: data generating system  (k=200 mD, S=0)

Case 1: Using ࢎ࢝
࢓
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Instrumental variable ݖ ൌ ௕௛௠݌

Identified model = BJ(9 9 9 10 0)    W12
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Amplitude plot of the identified plant model
red: identified model, dotted-blue: data generating system  (k=200 mD, S=0)

Case 2: Using ࢎ࢈
࢓



17Challenge the future

Physical Parameters Estimation

PDE equations discrete-time data

Physic-based model Data-based model

Time-domain

Complex-domain

Frequency-domain

ሻݏଶଵሺܣ ൌ ,ݏଶଵሺܣ ݇, ܵሻ ,ݖ෠௦௦ሺܩ መேሻߠ ൌ
,ݖሺܤ መே൯ߠ
,ݖሺܨ መே൯ߠ

,ଶଵሺ݆߱ܣ ݇, ܵ	ሻ ,෠௦௦ሺ݁௝ఠܩ መே൯ߠ

ߚ ൌ
1
ܮ argminఉ ෍ ,ߚଶଵሺܣ ݆߱௟ሻ െ ,෠௦௦ሺ݁௝ఠܩ መே൯ߠ
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Results: Field Data 
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Identified Model 
Instrumental variable ݖ ൌ ௕ܶ௛

௠

Identified model = BJ(6 6 7 8 0)    

Amplitude plot of the identified plant model
orange: identified model,
dotted-blue: estimated physics-based model  (k=15.8 mD, S=-1.4)
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Physical Parameter Estimates

Identified model 
using EIVIV

Conventional
Well test analysis 

k S

15.8 mD -1.4

k S

11 mD -2.6

Results are in good correspondence with each other. 
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Discussion and Conclusions 

 Well model identification can be described as a closed-loop EIV 
identification problem.

 This allows well testing on the basis of general data (no need for 
shut-in)

 Different auxiliary measured signals can be used for solving the 
identifiability issue in well testing using the very powerful method of 
EIVIV.
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