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Outline

ÁMicroPilotÊ for EOR screening

ÁFirst MicroPilotÊ job

ƄPre-job studies and planning

ƄResults of the job

ƄCustomer value statement

ÁConclusions
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Predictive Field Management Design

Re-Drilling / Well Placement
Testing / Logging/ Monitoring

Well Completions / Stimulation

Field Automation

Project Management

Observation Wells
Reservoir Imaging - 4D

Improve Design

Fast Implementation

Improve

Execution

CONCEPT TO FIELD MANAGEMENT
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Typical EOR Screening Roadmap

ÁEOR operations involve very large financial commitments

ƄHigh capital & operating costs

Is there a better way?

Laboratory

Core Floods
Best Process?

No

Field Pilot

Successful?

No

Yes

Full Field

Implementation

2 mo. to 2 years

Several 100K $

Attempt reservoir

conditions

Test several 

processes

1 to 2 years

Several tens of 

million $

Test one process

May involve one or 

more SWCT

Several 

tens of 

million $ 

wasted

Yes

One Spot

Pilot

Takes over a week and 

costs about million $

May need specialized 

surface facilities
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MicroPilotÊ for EOR Screening

Laboratory

Core Floods
Best Process?

No

Field PilotSuccessful?

No

Yes

Full Field

Implementation

2 mo to a year, 

($ 100 K/core)

Attempt reservoir 

conditions

Several 

tens of 

million $ 

wasted

Yes

MicroPilotÊ

Several Days 

At reservoir conditions for all rocks

Test several processes

Best Process?

One Spot

Pilot
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What is the MicroPilotÊ?

ÁThe MicroPilotÊ concept is an offering for the EOR projects for quick 

screening of EOR process by altering formation properties through the 

controlled injection of EOR-agents while measuring the ñrecovery 

and/or displacement behaviorò in-situ.

ÁInformation acquired is critical for comparative elimination:

ƄFast tracking of EOR screening studies

ƄEvaluation of dynamic petrophysical properties

ÁThe MicroPilot is in field test phase (March, 2009)



S
c
h

lu
m

b
e

rg
e

r 
P

ri
v
a

te

EOR
May 10th, 2010

Mud 

filtrate

Station Logs: Acquisition Sequence

Phase 1
Ƅ Log across the zone of interest (10 to 15 min)

Č Fluids T2 distributions and Sw after invasion are inferred

Č The So inferred that way is an estimate of the in-situ

ROS after invasionPhase 2
Ƅ Water injection with the CHDT module

Č Injection aims at simulating water-flood and achieving 

ROS status

Phase 3
Ƅ Log across the zone of interest after injection

Č Fluids T2 distributions and Sw after injection are inferred

Č The So inferred that way is an estimate of the in-situ

ROS after water-flood

Water 

based 

mud

Phase 5
Ƅ Log acrossthe zone of interestafterEOR injection

Č FluidsT2 distributions and Swafterinjection are inferred

Č The So inferredthatwayisan estimateof the in-situ

ROS afterEOR-flood

Phase 4
Ƅ EOR fluidinjection withthe CHDT module

Č Injection aimsatsimulatingEOR-flood and achieving

ROS statusafterEOR
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Objectives of customer for the 
first MicroPilot

ÁEOR recovery, So, in unconsolidated formation that did not have 

suitable downhole core

ÁInjectivityof ASP

ÁKv/Khfrom the flood height

ÁBenchmark monitoring technology for observation wells
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Step 1: Monitoring Strategy

ÁDecide on the measurements to be used for monitoring 

saturation change to ASP

ÁCMR

ƄAdvantages:

ÁGood vertical resolution

ÁFixed volume of investigation

ÁPotential for saturation depth log (based on T2 cutoff

ƄDisadvantages:

ÁSlow logging speed

ÁMulti-pass required to improve SNR
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Lab measurements at SCR
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Lab measurements at SCR
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Lab measurements at SCR
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Downhole MRF Measurements
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CMR versus MR Scanner
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Improving CMR SNR and Vertical 
Resolution
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CMR Test Log on Well A
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Step 1: Monitoring Strategy

ÁUse of ADT

ƄAdvantages:

ÁExcellent vertical resolution

ÁResistivity and Archie independent saturation

ÁGood logging speed and SNR

ƄDisadvantages:

ÁFormation feedback to measurement volume

ÁNot characterized for 3D geometry of MicroPilot

ÁVery sensitive to stick-slip motion
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Step 2: Well Planning

ÁDeviation ï5 ï10 degrees

ƄEnsures repeatability of probe and log orientation

ÁMud ïNo surfactants

ƄAvoid alteration of invaded zone

ƄWell control using salts (no solids)

ƄMud salinity no more than 50 ppkto assist ADT (not always 

possible)

ÁModel effect of disorientation on logs

ƄAcceptable orientation error up to 20 deg
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Step 3: MicroPilot Injection 
Procedure

ÁAvoid mudcake in drill hole ïdrill underbalance

ÁAvoid hole collapse

ƄProduce only filtrate for clean-up

ƄConfirm hole condition with bit after clean-up

ÁPresence of damage zone

ƄPretests after each inch of drilling

ÁInjection volume of ASP ïmodeled 6 gal

ÁInjection rate: < 2 cc/s to limit Nc

ƄRequire special pump for slow rate

ÁShear damage of polymer

ƄNew synchronous valve pump used
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Step 4: Decide tool string

ÁServices to be run

ƄPEx-HRLA-GPIT

ÁFor improved invasion characterization

ƄMonitoring logs: CMR-ADT-FMI

ÁFor flood dimensions and saturation

ÁBefore and after logs for time lapse evaluation

ƄOH Driller-6 gal ASP sample-LFA
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First MicroPilot Job
Data Acquisition Summary

ÁLogs run

ƄPre Injection (on Wireline)

ÁPEX HRLA GR GPIT

ÁCMRPlusAT-ADT-GPIT-GR   MRF Stations

Ƅ Two passes ADT , 1800 f/hr and 900 f/hr (includes CMR B mode)

Ƅ 3 hi res CMR A mode passes over proposed injection zone  at 150 ft/hr

Ƅ 4 MRF stations

ÁFMI-GR

ƄCHDT OH Driller (on TLC) injection

Á~11 liters ASP pumped

ƄPost Injection (on Wireline)

ÁCMRPlusAT-ADT-GPIT-GR   MRF Stations

Ƅ Two passes ADT and CMR B mode at 900 ft/hr over 

Ƅ 3 hi res CMR A mode passes over injection zone at 150 ft/hr

Ƅ 4 MRF Stations repeated

ÁFMI-GR
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FMI Images  : Clearly Show Injection Point at X06.9m 

After InjectionBefore Injection
Scale represent close to a 1:1 

vertical : horizontal perspective

We can see the actual de-

saturation and resultant oil 

bank caused by the ASP 

injection.

Top of upper oil rim

Bottom of upper oil rim

Injection Depth

Top of lower oil rim

Bottom of lower oil rim
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ADT F3 RXO and permittivity curves before and after injection

RXO permittivity

The ADT geometrical 

processed data consists 

of resistivity and 

permittivity values for the 

Sxo zone at different 

frequencies.

What is shown here is 

the before (blue) and 

after (black ) high 

frequency F3 raw 

dielectric data for the two 

passes 

All data is shown, two 

passes logged before 

injection, and two passes 

logged after injection.

The change after 

injection on can be seen 

on both the resistivity 

and the permittivity data.  

The permittivity data is 

more sensitive to the 

difference between oil 

and water and hence 

shows a greater 

response.

Red dot on after image indicates exact location of injection hole
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CMR Results : before and after injection CMR results show the oil 

de-saturation over the 

injection zone.

In general, the residual 

heavy oil T2 signal will 

fall to the left of a 110 ms 

cutoff and water to the 

right.

The oil de-saturation can 

be visually seen by 

comparing the before 

and after T2 distributions. 

The early signal (oil) has 

decreased and the later 

signal (water/polymer) 

has increased relative to 

the before T2 signal.

This has been quantified 

with the aid of the MRF 

stations to calculate an 

Sxo of nearly 100% over 

the center of the 

injection.  The blue curve 

represents the corrected 

Sxo using MRF stations 

to quantify the water 

earlier than the t2 cutoff 

after injection, the black 

curve represents Sxo 

using a straight forward 

T2 cutoff technique. 
CMR Sxo CMR Phi BeforeAfter
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Results Summary : Sxo from CMR, MRF, ADT

This plot shows a summary of the 

results shown in the previous 

slides.

CMR, MRF, and ADT Sxoare all in 

agreement. Note: MRF stations are 

expected to be a few centimeters 

deep with respect to the depth logs 

due to cable creep after station 

stop.

The post injection  CMR porosity 

greater than T2 cutoff and the ADT 

water filled porosity are shown 

overlying the FMI images. 

The CMR and ADT are two very 

different techniques physically.  

They are also of two different 

vertical resolution.

The comparison of the two results 

are in very good agreement, and 

also supported visually by the FMI 

images.

SxoCMR Phi CMR Pwxo ADTSxoADT
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Fractional Flow Analysis from HRLA-RXO8


