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Hypothesis

Characteristics of a reservoir can be inferred from analyzing 
production and injection data only.
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CRM for an Injector-Producer Pair
Continuity: Production Rate:

“Pressure is a reservoir engineer’s 
best friend”
Fokert Brons
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A novel idea for a persistent 
challenge in reservoir engineering…
a lack of geologic data

Bruce (1943)
SPE 414, Wahl et al. (1962)



Signal Response

Production response to an injection signal
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Capacitance-Resistance Model (CRMP)

  ik

n

i
ij

tt

kjjk Ifeeqq
i

jj å




 









1
1 1 

j

pt
j J

Vc










1
1

£å


pn

j
ijf

Time constant

Inter-well connectivity or gain

Drainage volume 
around a producer



Comparisons…..

Conventional world CRM world



Gains >0.5

Mature West Texas Waterflood
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Gains >0.2
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Time Constants
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Basic Equations

Applications
– Effect of BHP
– Primary production
– CRM and tracers
– Oil rate modeling
– Optimization
– Tracking CO2 floods
– CRM machine learning



Basic Equations

Applications
– Effect of BHP



North Sea Case 
Production and BHP Data
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North Sea CRMP wo BHP 

y = 0.7818x + 4920.8

R2 = 0.7413
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North Sea CRMP with BHP
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Well Management--Identify Problem Wells
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• Use productivity indices to 
evaluate well performance

• Requires pressure data

“Pressure is a reservoir 
engineer’s best friend”
Fokert Brons



Basic Equations

Applications
– Effect of BHP
– Primary production



Drainage Volume--Omani Field (primary recovery)
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Basic Equations

Applications
– Effect of BHP
– Primary production
– CRM and tracers



Reservoir Characterization
An alternative to tracers…
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CRM Production History Match
Individual Well and Full Field Matches
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Tracer Performance—
How does CRM compare?



Tracer and CRM Results
A side by side comparison…

Tracer Peak Concentrations CRM Allocations



Comparison to Buck Draw Data



Basic Equations

Applications
– Effect of BHP
– Primary production
– CRM and tracers
– Oil rate modeling



Oil Rate Equation
For each well in CRMP

 Developed by Oil Fractional-flow Model 
Equation 

Number 

1 Timmermann (1971)   1( )1 10 Pa bN
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 Eq. (4-7) 
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CRM: Oil Fractional-Flow Model
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Koval Model

Koval model:  

 Hk Heterogeneity factor



Basic Equations

Applications
– Effect of BHP
– Primary production
– CRM and tracers
– Oil rate modeling
– Optimization



Fit CRM to total production dataFit CRM to total production data

Fit oil fractional flow model to oil 
production

Fit oil fractional flow model to oil 
production

Use CRM and oil fractional flow model to 
optimize future injection and maximize NPV of 

future production

Use CRM and oil fractional flow model to 
optimize future injection and maximize NPV of 

future production

Workflow for Optimization Field Total Production

Field Oil Production

Waterflood and EOR Optimization
Work Flow 
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The Technology
CRM Optimizes Operations

Decrease in injection wells
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The Technology
CRM Optimizes Production - Proof
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Confidence band 
for regression 
line
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Rate vs. Cumulative Oil Production Oil



Basic Equations

Applications
– Effect of BHP
– Primary production
– CRM and tracers
– Oil rate modeling
– Optimization
– Tracking CO2 fronts



Steady-State Connectivity Map
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Interwell Connectivity
Two Equally Viable Solutions
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Transient Interwell Connectivity 
After 10 days
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Transient Interwell Connectivity 
After 30 days
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Transient Interwell Connectivity 
After 90 days
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Transient Interwell Connectivity 
After 180 days
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Transient Interwell Connectivity 
After 365 days
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Basic Equations

Applications
– Effect of BHP
– Primary production
– CRM and tracers
– Flow capacity curves
– Oil rate modeling
– Optimization
– Tracking CO2 front
– CRM and machine learning



Tuned Bootstrapping Prediction Distribution 
using CRMP with Bottomhole Pressure (BHP)

• 100 Bootstrap realizations

• Goodness Measure: 0.9030

• MSE: 260,772

From Portia and Foster



Converged Errors of Models for North Sea 
Field Example

From Portia and Foster
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