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The challenge
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Smart Well Economic Drivers
(Source: Baker Hughes)



Too much water, not enough oil
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The water production problem

(Source: Schlumberger)

Also, cannot directly image 

rock and fluids subsurface 

– will discuss over lunch.
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What is an intelligent well?
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• Downhole Measurements
—monitoring of key reservoir 

and well parameters

• Downhole Inflow Control 

Valves (ICVs)
—remotely control fluid flow 

into wellbore

• Reservoir management 

strategy/control algorithms



Intelligent well applications
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• Sequential / commingled production 

from multiple reservoir intervals or 

fault blocks

• Inflow control in horizontal wells

• Fluid transfer for sweep or pressure 

maintenance

• Swing producers

• Very small number of intelligent 

wells installed world-wide



Model-based control algorithms

© Imperial College London

• Control decisions based on predictions of reservoir and well models

• No uncertainty in reservoir description

— static optimisation (FCD settings)

— dynamic optimisation (ICV settings change during production in response 

to model predictions)

• Update reservoir description in response to production data 

– permeability field treated as a ‘black box’ which is updated during 

production

– no treatment of uncertainty in other reservoir parameters

• Model-predictive control strategy

– simplified empirical models (response-surface type) to describe reservoir 

behaviour



• Compare fixed and reactive control strategies in a horizontal well at 

risk of early water breakthrough at the heel

— uncertain aquifer size

— uncertain distribution of shales

• Fixed control strategy

— FCD sized prior to installation using reservoir model

• Reactive control strategies 

— On/off ICV settings in response to zonal well tests

— Variable ICV settings in response to downhole measurements of phase 

flow rates

Benefit of reactive control



Benefit of reactive control

OVERALL GAIN VS. INCREMENTAL RETURNS ON  INVESTMENT (IREI)
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Near wellbore monitoring of fluid flow

• Proactive control of intelligent wells requires knowledge of fluid flow 

and saturation changes in vicinity of well

— model predictions (uncertain)

— monitoring

• 4D seismic using surface and downhole geophones

• Electrical methods

— resistivity

— streaming potential?



Downhole measurements of streaming potential 

for intelligent well control
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What is the streaming potential?
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The formation of an electrical double layer adjacent to the pore walls 

generates a current during fluid flow.  

The associated potential is termed the ‘streaming potential’
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Downhole measurements of streaming potential 

for intelligent well control

Wurmstich and Morgan (1994) investigated whether streaming potential

measurements might be feasible as a permanent downhole monitoring

strategy

Used numerical techniques to simulate the electrokinetic potential

measured at monitoring wells and at the surface during production

Results suggested that the signals would be too small to resolve

However...............
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Downhole measurements of streaming potential 

for intelligent well control

...Observed that the highly conductive casing in the production well acts to

suppress the electrokinetic potential, so did not consider measurements

at the production well

- measurements at production (and injection) wells possible

• Simulated low production rates associated with small pressure gradients

into the production well

- measured signal proportional to drawdown

• Recognized that there is considerable uncertainty in the coupling

between fluid and electrical potential but did not investigate this

- coupling is larger than previously thought

• Simulated steady-state flow with constant oil and water saturations

- signal arises at the front between water and oil where water

saturation changes
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Revil and Cerepi 2004 (do lomite)
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This study, St. Bees parallel
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This study, o ther samples

Coupling between fluid and electrical potential
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Origin of streaming potential signal
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Predicted streaming potential during production
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Predicted streaming 

potential during 

production
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Predicted streaming potential during production
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Predicted streaming 

potential during 

production
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Current research
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• Variation in coupling between fluid and electrical potentials as a 

function of fluid saturation

• Contribution of electrochemical and electrothermal potentials

• Experimental confirmation of numerical modeling results 

• Development of interpretation / inversion / feedback control algorithm

• Field trial



Conclusions

• Intelligent well control typically based on model predictions in

research problems

• Propose reactive and proactive control algorithms based on simple

feedback loops between downhole measurements and inflow valve

settings

• Reactive control can add value and mitigate against reservoir

uncertainty

• Proactive control requires knowledge of fluid flow in vicinity of well

• Downhole measurements of streaming potential may be used to

detect water encroaching on an intelligent production well over

several tens to hundreds of metres
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http://www.shell.com/
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