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Typical EOR Screening Roadmap

1 to 2 years
Several tens of
AEOR operations involve very large financial commitments million $

b High capital & operating costs | Takes over a week an Test one process
costs about million $ May involve one ar

May need specialized more SWCT
surface facilities

NO
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Several 100K $
Attempieservoir NG
conditions Several
Test several tens of
\_ processes / Is there a better way? million $

wasted




Several Days
At reservoir conditions for all ro
Test several processes

Mi croPil ot E for E

2 Mo to a year
($ 100 K/core)
Attempt reservair
conditions
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Wh at | s the MicroPl IEQR

May 16, 2010

AThe MicroPilotE concept is a
screening of EOR process by altering formation properties thrc
controlled injection of EOlRe nt s whi | e meas
and/ or displ asmement behavio

Alnformation acquired is critical for comparative elimination:
b Fast tracking of EOR screening studies
b Evaluation of dynamic petrophysical properties

AThe MicroPilot is in field test phase (March, 2009)
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Station Logs: Acquisition Sequence EOR

May 1, 2010
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Objectives of customer for the EOR
first MicroPlilot R

AEOR recoverySq in unconsolidated formation that did not have
suitable downhole core

Alnjectivitgf ASP
AKVKhfrom the flood height
ABenchmark monitoring technology for observation wells
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Step 1: Monitoring Strategy EOR

May 16, 2010

ADecide on the measurements to be used for monitorin
saturation change to ASP
ACMR
b Advantages:
A Good vertical resolution

A Fixed volume of investigation
A Potential for saturation depth log (based on T2 cutoff

b Disadvantages:
A Slow logging speed
A Multipass required to improve SNR
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Lab measurements at SCR

May 10, 2010

T2 Relaxation Plots for initial and 5 flood stages (Y axis scale different for last 2 plots)
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Lab measurements at SCR

May 1, 2010
NMR saturation versus recovered oil; error < 5%
Oil saturation from T1-T2 Water saturation from D-T2
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Lab measurements at SCR EOR

May 1, 2010

D-T, Diffusion/Relaxation plots for five flood stages
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DownholeMRF Measurements EOR

May 16, 2010
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CMR versus MR Scanner EOR

May 10, 2010
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Oil bank (red) and swept zone (blue) after ASP
Injection. White box is 6-in CMR measure volume



Improving CMR SNR and Vertical FOR

Resolution

May 18, 2010

Logging Parameters for each of three CMR passes before and after ASP injection

PAP acquisition mode :
Logging speed
Number of echoes
Echo spacing
Sampling

Stacking

EPM (number of wait times=2)

T2 cutoff

T2 min

T2 max

Number of components
Polarization correction
Porosity bin cutoffs (msec)
Permeability coefficients
Hydrogen Index
T1/T2ratio

A Mode
150 ft/hr
3,000

200 usec

3inches
1

OFF

33 msec

0.3 msec

3,000. msec

30

OFF

0.313 1033100 300 1000 3000
A, B, & C (use defaults)

1

1.5



CMR Test Log on Well A

May 10, 2010
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Step 1: Monitoring Strategy

AUse of ADT

b Advantages:
A Excellent vertical resolution
A Resistivity and Archie independent saturation
A Good logging speed and SNR
b Disadvantages:
A Formation feedback to measurement volume
A Not characterized for 3D geometry of MicroPilot
A Very sensitive to sttik motion

EOR

May 16, 2010
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Step 2: Well Planning EOR

May 16, 2010

ADeviation 57 10 degrees

b Ensures repeatability of probe and log orientation
AMudi No surfactants

b Avoid alteration of invaded zone

b Well control using salts (no solids)

b Mud salinity no more thappi@ assist ADT (not always
possible)

AModel effect of disorientation on logs
b Acceptable orientation error up to 20 deg
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Step 3: MicroPIilot Injection
Procedure

AAvoid mudcake in drill hdléllunderbalance

AAvoid hole collapse
b Produce only filtrate for elgan
b Confirm hole condition with bit afteuplean

APresence of damage zone

b Pretests after each inch of drilling
Alnjection volume of ASRodeled 6 gal
Alnjection rate: < 2 cc/s to limit N

b Require special pump for slow rate

AShear damage of polymer
b New synchronous valve pump used

EOR

May 16, 2010
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Step 4. Decide tool string

AServices to be run

b PEXHRLAGPIT
A For improved invasion characterization
b Monitoring logs: GIMBTFFMI
A For flood dimensions and saturation
A Before and after logs for time lapse evaluation

b OH Drille gal ASP samjhlEA

EOR

May 16, 2010
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First MicroPilot Job EOR

Data Acquisition Summary T

ALogs run
b Pre Injection (on Wireline)

A PEX HRLA GR GPIT

A CMRPIUATADTGPITGR MRF Stations
b Two passes ADT , 1800 f/hr and 900 f/hr (includes CMR B mode)
b 3 hires CMR A mode passes over proposed injection zone at 150 ft/hr
b 4 MRF stations

A FMIGR

b CHDT OH Diriller (on TLC) injection
A ~11 liters ASP pumped

b Post Injection (on Wireline)

A CMRPIUATADTGPITGR MRF Stations
b Two passes ADT and CMR B mode at 900 ft/hr over
b 3 hires CMR A mode passes over injection zone at 150 ft/hr
b 4 MRF Stations repeated

A FMIGR
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FMI Images : Clearly Show Injection Point at X06.9m EOR
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ADT F3 RXO and permittivity curves before and after injection EO R

e May 10, 2010
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CMR Results : before and after injection CMRER
gPth

9% {m3jm3) 0 de'sa
0.!,....3'?.':??3'3'.3.“? ..... viay 16, 2010
P
= In general, the residual
SWCNR Gonected —_CMRFF Befureiniscton h i1 T2 si 1 will
¢ (i) 1|05 (o) eavy Ol Signal wi
SWONR Cutoft G FF Gonoctod fall to the left of a 110 ms
{ m3jm2) 105 {m3/m3)
SWCUTOFF_BEFORE SW@Dste CHR FF Gutoff T2_DIST Afterinfsotion T2_0IST Batoreinjsotion cutoff and water to the
___________ AN A A .
(m3m3) jos (m3im3) ) L ) 2l 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.
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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.
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Results Summary

: Sxo from CMR, MRF, ADT
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results shown in the previous
slides.

CMR, MRF, and ABxoare all in
agreement. Note: MRF stations are
expected to be a few centimeters
deep with respect to the depth log:s
due to cable creep after station
stop.

The post injection CMR porosity
greater than T2 cutoff and the ADRT
water filled porosity are shown
overlying the FMI images.

bergPriva

The CMR and ADT are two verys
different techniques physically.
They are also of two different
vertical resolution.

i

Schl

The comparison of the two results
are in very good agreement, and
also supported visually by the FMI
images.



Fractional Flow Analysis from HR{)QOSEOR

May 1, 2010
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