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Mature Fields Today

• “Mature fields are in declining production reaching the end of their lives.”                           
– petrowiki.spe.org

• “70% of world oil production (59 MMb/d) is from mature fields”                                             
– Offshore Magazine Oct 2019

• Oil Price collapse in April 2020

• “I have found operators focusing on making all-out efforts to improve their ongoing 
waterflood operations to extend the life of existing wells, which is preferred over drilling 
new infill wells” – R.V. Marathe - Jan 2021 SPE-JPT

• Not all decisions require flow simulation models.  Use ‘numerically lighter’ surveillance 
models to improve ongoing waterflood operations of existing wells
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Outline

• Reservoir Surveillance Using Streamlines

– Injector patterns

– ROIP

– Rapid forecasting

• Mature Field Management

– Pattern realignment

– Field Example

• Summary
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Mature Flood Management Forecasting

• Not all decisions require flow simulation models.  Use ‘numerically 
lighter’ surveillance models to improve ongoing waterflood 
operations of existing wells

time 
resources 
precision
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• Reservoir forecasting tools

– Decline analysis & type curves

– Material Balance

– Capacitance Resistance Models (CRM)

– Machine Learning Models

– Streamline Surveillance

– Simulation (streamlines or finite-difference)



Traditional reservoir pattern surveillance is the 
association of produced and injected volumes
• Define well-pairs

• Define fixed patterns

• Pattern recoveries

• Well rate targets to balance patterns

How are well-pairs identified?
• Defined by geometry -> 80’s technology 

• Defined based on flow rates ->  modern streamline surveillance

Reservoir Pattern Surveillance

From SPE-20775
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From SPE-20775

From SPE-35202



Surveillance vs. Simulation 

Surveillance Used for short-term management and optimization. 
• Flow-based 3D numerical model with pressure solution

• Historical rates are used directly (Data-Driven)

• Well-pairs & well-patterns calculated numerically

• Saturations and pressures from dynamic material balance

• Rapid forecasting

Simulation Used for mid/long term forecasting and what-if scenarios of capital 
intensive projects.   
• Flow-based 3D numerical model with coupled pressure and transport equations

• Requires expert knowledge to build and use

• Requires time to history match
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• A streamline (or streamtube) is a path in 3D that follows the 
velocity field.

• Streamlines start at sources and end at sinks.

What is a streamline?
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Streamlines in a Mature Field

Streamline
Simulator

3D grid 

- basic geology

- major flow units

Wells

- Locations

- prod/inj rates PVT

+

Saturations

Pressures
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Properties of Streamlines

• A streamline (or streamtube) is a path in 3D that follows the 
velocity field.

• Streamlines start at sources and end at sinks.

• For each streamline we know:
– The inj/prod relationships

– The total flow rate (flux)

– The pore volume 10



Injector Centered Pattern

• Extract I-P connections from measured inj/prod 
volumes:

– What % of injected 
volume supports a 
producer?

– What % of produced 
volume is supported 
by an injector?

?

?

??

?
?

?

?

?

Inj

Prod



 𝑸𝑺𝑳 =1853

1853/9815 = 19%  Percentage of injected 
fluid from I supporting production at P

1853/4566 = 41%  Percentage of 
produced fluid at P due to injection at I

19%

41%

Well Rate Allocation (WAF)  
From Well-Pair Flux 

Solve for streamlines and consider
bundle connecting I-P pair.

𝑸𝑰=9815 𝑸𝑷=4566
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Well Allocation Factors

Injector-centered WAFs Producer-centered WAFs



Injector-Patterns in a Mature Field

Streamline
Simulator

PVT

+

Saturations

Pressures
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3D grid 

- basic geology

- major flow units

Wells

- Locations

- prod/inj rates

Flux Pattern Map

with WAFs

  q= + P g DK t  

 DKv t  g + P 



FPmap Animation

As rates change through time, so does the 
FPmap and consequently the patterns.
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Injector Voidage Rate

Producer Voidage Rate



Injector Pattern Efficiency

Once the pattern (injector or producer centered) is defined, 
associate oil production with injection.

Efficiency of an injector pattern:

𝐼𝑒𝑓𝑓 =
offset oil volume produced from pattern

volume injected into pattern

volume injected can be water, CO2, polymer, solvent
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Injector Efficiency for the Field

𝑄𝑜
𝑝𝑎𝑡
= 𝑤𝑎𝑓𝑝 × 𝑄𝑜,𝑝

ℎ𝑖𝑠𝑡
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off-set oil production [rb/day]

water injection [rb/day]
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Injector-Centered Pattern

Producer-Centered Pattern

Aquifer support

Producer-Centered Pattern



Pattern VRR for Field

Voidage Injection Rate (rb/d)
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From Dynamic Patterns to Remaining Oil In 
Place (ROIP)

Given pattern bundles, allocation factors, Original Oil in Place, and historical 
prd/inj rates, apply dynamic well-pair material balance (SPE185713-PA).

Remaining Oil In Place

20



Material Balance Applied to a Well-Pair

 
𝑉𝑤,𝑡𝑖+∆𝑡𝑖

𝑉𝑐𝑣
= 𝑆𝑗,𝑡𝑖+∆𝑡𝑖

SPE185713-PA

𝑉𝑤,∆𝑡𝑖
𝐼 = 𝑄𝑤

𝐼 ×𝑊𝐴𝐹𝐼−𝑃× ∆𝑡𝑖

𝑉𝑤,∆𝑡𝑖
𝑃 = 𝑄𝑤

𝑃 ×𝑊𝐴𝐹𝑃−𝐼× ∆𝑡𝑖

𝑉𝑤,𝑡𝑖
𝑖𝑛−𝑝𝑙𝑎𝑐𝑒

Volume of water injected

Volume of water produced

WAFI-P

WAFP-I
PRD

INJ

PRD

INJ

Volume of water in-place

Material 
Balance

Updated average saturation
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𝑉𝑤,𝑡𝑖
𝑖𝑛−𝑝𝑙𝑎𝑐𝑒

+ 𝑉𝑤,∆𝑡𝑖
𝐼 − 𝑉𝑤,∆𝑡𝑖

𝑃

= 𝑉𝑤,𝑡𝑖+∆𝑡𝑖



Reservoir Oil In Place

Updating Oil-In-Place Through Time

1963 1974

1995 2004

Uniform OOIP, 2D



Calculate ROIP by Dynamic 
Well-Pair Material Balance

1963

OOIP, 3D

Reservoir Oil In Place

OOIP

present

ROIP
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Forecasting without Flow Simulation

• Forecasting with reservoir simulation is possible because of 
the solution to the transport equations

• Flow-based surveillance model is Data-Driven

– History is used directly -> No history matching

– Well level-forecast is based on correlating history to grid 
properties

– Rapid forecasting
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Use Correlation to Forecast

Forecasting a Surveillance Model

• Correlate historical production to features (K, phi, dP, Sats,…) in well 
drainage regions of the flow model.

Oil Rate vs Time

Extract features of 

drainage regions for 

each producer.

Extract Features
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Qo

F(K, phi, dP, So)



Forecasting Base Case - Wells

PROD 2

PROD 3

PROD 1
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• Each existing producer has a 
unique forecast



Summary Streamline-Based Surveillance

1. Dynamic pattern metrics
– Flow-based Well Allocation Factors (WAFs)

– WAF connection map (FPMap)

– Injection Efficiency

2. New well rate targets to promote sweep and reduce cycling

3. ROIP from dynamic pattern material balance

4. Rapid forecasting
– No Further Action (NFA) scenario

– New well rate targets

– Shut-in wells, reactivate wells, producer-injector conversion
27



Mature Field Management Example
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Improving Flood Performance

• Improvement strategies include:
– Pattern realignment through rate changes
– Reactivations, shut-ins, producer-injector conversions
– Conformance treatments*
– Polymer, surfactant, CO2, or solvent flooding*
– Water quality*
– Production gathering optimizations*
– New producers*
*beyond a surveillance model

• Forecast strategies prior to implementation:
– Flow-based pattern surveillance
– Reservoir flow simulation
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Producer – Injector Conversions

30

Location 1 active 
producer 98% wcut

Location 2 shutin
producer 98% wcut

active producers
shutin producers

Active injectors 

Injection rates



Producer – Injector Conversions

• Convert a watered-out producer to injection
– Location 1 (+10 m3/d oil, +75 m3/d water)

– Location 2 (+1 m3/d oil, +75 m3/d water)

– Base case

Field Oil Rate Field Water Rate
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Improve Flood Efficiency

Move water
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Improving Flood Efficiency

• Identify good/bad patterns using SL’s.

• To impact sweep, increase/ decrease rates at both producers and injectors.

• Goal => Best use of injected volumes for displacement purposes, not re-pressurization.

• Intelligent well rate targets => Waterflood optimization

off-set oil production [rb/day]

water injection [rb/day]
effI 

For each connection determine:

equivalent to “Oil Cut”
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Improve Flood Efficiency with Rate Targets

• FPmap + constraints = new rates

• Promote efficient use of injection

• Demote fluid cycling

• SPE84080-PA

Delta voidage rates injectors

Delta voidage rates producers
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Pattern Realignment
with New Well Rates

• Field constraints

– Redistribute field water injection

– Increase injection

• Well constraints and strategies

– Update both injection and production targets

– Update injection targets, cutback on poor producers

– Update injection targets only
35



Forecasting New Rates (without flow simulation)

• Redistribute field water injection rate of 1800 m3/d
– Update both injection and production targets

– Update injection targets, cutback poor producers

– Update injection targets only

– Base case

Field Oil Rate Field Water Rate
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Surveillance Case Studies:
Improvements through Well Rate Targets

8th Tortonian Field, Austria, 2010/2012 – SPE-166393

• 3 injectors, 12 producers -> +35000 STB oil (incremental not accelerated) over 2.5 years

Tar 2 Fault Block Wilmington Field, USA, 2019 – SPE-195372

• Rate changes at 12 injectors, 10 producers -> 20% to 2% annual oil decline rate

Corcobo Field, Argentina, 2019 – 7th Congreso Producción y Desarrollo de Reservas

• Rate changes at 28 producers, 15 injectors -> 16% to 0% annual oil decline rate

Hormiguero Nantu M1, Ecuador, 2015 – SPE-177145

• Used streamlines to quantify well-pair connections to balance 2 injectors.
• From 2012-2015 waterflood optimization improved RF from 19% to 32%

16th Tortonian Horizon , Austria, 2022 – SPE-209679

• Rate changes to +70 producers and +12 injectors
• +3% increase in annual oil production for a 98% wcut field, reduced water production





















SL-Based Surveillance Summary

• SL-based surveillance model
– 3D flow model
– Requires well locations, rates, 1st order geology
– Computationally light, data-driven model

• Powerful per pattern metrics
– Flow-based WAFs (FPmap) 
– Pattern efficiencies (IE-Plot)
– ROIP distribution
– Rate targets that promote sweep and demote cycling

• Rapid forecasting
– Test rate targets and strategies to realign flood
– Rank producer-injector conversion candidates
– Rank shut-ins and reactivations of existing wells
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Further Reading

• “Using Streamline-Derived Injection Efficiencies for Improved Waterflood Management” 
(SPE84080-PA)

• "Revisiting Reservoir Flood-Surveillance Methods Using Streamlines” (SPE95402-PA)

• "Experiences With an Efficient Rate-Management Approach for the 8th Tortonian Reservoir in the 
Vienna Basin” (SPE166393-PA)

• “A Successful Peripheral Water Injection in a Weak-Edge Aquifer Oilfield, Oriente Basin, Ecuador” 
(SPE177145-MS)

• Oriente Basin, Ecuador“Material Balance Applied to Dynamic Reservoir-Surveillance Patterns” 
(SPE185713-PA)

• “Improved Water Efficiency in the Wilmington Field Using Streamline-Based Surveillance” 
(SPE195372-MS)

• “Implementation of Streamline Derived Rate Targets Improved Oil Production of Mature Field 
(SPE209679-MS) 48
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Your Feedback is Important

Enter your section in the DL Evaluation Contest by 

completing  the evaluation form for this presentation

Visit SPE.org/dl

#SPEdl


