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Conclusions

» After 37 years, 175 MMt CO2 injected, 85 MMt
presently stored (90 MMt recycled) in the Canyon Reef
Reservoir, SACROC unit there has not been any CO,, or
contaminants detected at or near the surface that are
attributed to CO, leakage.

> Reservoir is well characterized

» Logging is excellent in determining CO, location near
wellbore

» VSP and 3-D surface seismic seems to identify a CO,
plume. Baseline?

>t is much easier to identify were CO, is not at or near
the surface then at reservoir level.



Phase Il SACROC EOR Demonstration

Injection began
October, 2008

SACROC unit TX: ~18 MMt/yr
Demo. five spot: ~0.2/0.8 MMt/yr



McEIlmo Dome

CO2 EOR fields
CO2 Candidate
CO2 Projects
Kinder Morgan CO2 Pipeline
All Other CO2 Pipeline

= SACROC oilfield

. Natural CO, sources
B Anthropogenic CO, sources

0 50 100 200
- e Viles
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KM currently operates
SACROC and is
providing much

assistance with the

project

56-17 test site

SACROC Unit CO: Injection

> ~3.34 (TCF) [175 MMt] CO-
injected for EOR since 1972.

» ~85 MMt purchased and ~90
MMt recycled. Of the purchased
~ 30 MMt are anthropogenic

» Presently ~18 MMt are
injected annually (~5 MMt
purchased and ~13 MMt
recycled).

» ~100% of the CO, is presently
stored.

» Southwest Partnership (SWP)
researchers are among first to
test if CO, is trapped in
reservoir zones or if it has
leaked into overlying strata

Slide courtesy of R. C. Smyth/ text modified Reid Grigg
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experiment site

UPitt synthetic
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Date Oil Prod. Water Prod.
BBL BBL

May 1,09 42,233 1,312,265
Oct. 1,09 116,591 1,884,714

Pre-Oct. 08 83,756 3,512,735

Data courtesy of M. Steckel, KM

HC prod. CO, Prod.
MCF MCF

68,600 516,538
198,658 1,803,621

297,955

Pattern CO,
Inj. MCF

1,643,731
3,033,323

1,200,000+



Geologic model describing topography of SACROC
northern platform Canyon formation and CO, pilot site
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Validation: CO2 Soil Flux

Goals and Obiectives
Goals of Activities:

» Build confidence in the efficacy of e S
CO, storage in the southwest region ol 28

« Demonstrate and evaluate the use of 4 Lk

CO, monitoring technologies - e § S N 4
Obijective: e . - = ’
» Determine if there is an increase of ©
soil CO, flux due to CO, injection
activities
g4 o }: o g




Scurry CouMy'

 Three test series:

June '08,
Jan.’ 09, S°F-3: Plugged and Abandoned Dry Hole
June, '09. SF-2: CO2 Injection in 1970s-1980s
: ©
o 4 sites: © SF-1: Injection Experiment Site

SF-4: Current CO2 Injection and
December 2007 Pipeline Leak

™~
Snyder, Texas

SACROC Oilfield

12
Slide courtesy of Lee Harris/ R.C. Smyth
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Off-Site SACROC
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SACROC

Phase Il test site Well with CO, Site with no CO, Well
Location Well 59-2 since 70’ injeciton 138-2
Date Jun-08 | Jan-09 | Jun-09 | Jun-08 | Jan-09 | Jun-08 | Jan-09 | Jun-09 | Jun-08
Number 43 46 39 47 48 42 41 36 28
Mean 2.83 0.9 3.51 3.09 04 1.65 0.78 1.32 2.32
Max 9.17 2.64 32.72 | 24.98 1.06 4.08 1.76 1.96 5.77
Min 0 -0.01 1.17 0.22 -0.01 -0.04 0.02 1.18 0
StdDev 2.27 0.58 6.66 3.46 0.23 0.98 0.28 0.15 1.66

Slide courtesy of Lee Harris




C02 Soil Flux (umol/m~2/s)

Aneth Two Consecutive Days

12 M Feb-09 Day 1
. W Feb-09 Day 2
0.8 A
0.6 -
B A A 1 A

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Test Label
Slide courtesy of Lee Harris




Surface Water Sampling Program:
Need Landowner Permission for Access to
Private Water Wells

NOw N




+ T 7 + TWDB sampled wells
W\il.\’,.n)‘ﬁ e BEG sampled wells
[] SACROC oilfield

Dockum Aquifer

Slide courtesy of R. C. Smyth

Six groundwater monitoring
trips — June 2006, July 2007,
November 2007, March 2008,
July 2008, November 2008,
and hopefully July 2009

BEG sampled 60 private water
wells, 1 freshwater spring, and
brine from 8 CO2 injection

zone wells — total 123 samples

Texas Water Development
Board (TWDB) database water
quality data for analyses with
charge balance error <10%,
potassium analysis, and good
reliability code
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Concentration (mg/L)
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Plots courtesy of CB Yang
Slide courtesy of R. C. Smyth




Concentration (mg/L)

1.E-01

SACROC ——tds -+~ Na =K -=-Cl

Vertical bars- multiple BEG samples
in one well
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Plots courtesy of CB Yang
Slide courtesy of R. C. Smyth




SACROC AREA WATER QUALITY

60 wells and 1 spring; filtered cations; unfiltered anions;
highest concentration measured in each well

EPA/TCEQ # and % of 22 Wells | # and % of 39 Wells
Drinking # and % of 61 inside SACROC outside SACROC
Water Wells Exceeding Exceeding EPA Exceeding EPA
Analyte MCL (mg/L) EPA Standards Standards - Standards -
Primary Maximum Contaminant Level (MCL)
Arsenic (As) 0.01 6 9.8% 1 4.5% 5 12.8%
Cadmium (Cd) 0.005 1 1.6% 0 0.0% 1 2.6%
Fluoride (F-) 0.4 3 4.9% 1 4.5% 2 5.1%
Nitrate (NO;-N) 10 8 13.1% 3 13.6% 5 12.8%
Selenium (Se) 0.05 3 4.9% 1 4.5% 2 5.1%
6.9% 5.5% 71.7%
Secondary Drinking Water Standard
Aluminum (Al) 0.05 21 34.4% 8 36.4% 13 33.3%
Chloride (ClI) 250 20 32.8% 9 40.9% 11 28.2%
Fluoride (F-) 0.2 23 37.7% 8 36.4% 15 38.5%
Manganese (Mn) 0.05 9 14.7% 3 13.6% 6 15.4%
Sulfate (SO,?%) 250 16 26.2% 1 4.5% 15 38.5%
Total Dissolved Solids (TDS) 1000 31 50.8% 1 50.0% 20 51.3%
32.8% 30.3% 34.2%

Data courtesy of R.C. Smyth




Petrophysics - Formation
Evaluation

Petrophysical answers provided

Porosity — ¢

Permeability — md

Fluid Types — gas, oil, water, CO2

Fluid Volumes — Sw, So, Sg, S5, etc.
Mineralogy — sand, shale, lime, dolomite, etc.
Other — Mechanical Rock Properties, anisotropy

Slide courtesy of Bob Butsch



SWP SACROC Injection test

@ EOR producer well

& WAG (water alternating
gas) injection well

SWP monitoring well
June 5, 2008

3-D surface seismic July 6, 2008

Log data Acquired in Monitor Wells

Openhole - All

GR-Resistivity-Density-Neutron
June 11, 2008}

RST Base Log - All July 12, 2008
Pulsed Neutron Capture — Sigma, TPHI
Pulsed Neutron Spectro - Lith, C/O

Sonic

RST Monitor Log — 56-4ST & 56-6

58-2

56-4

5617

N

June 29, 2008

~A lJuly 30, 2008

56:6

~0.25 mi

Pulsed Neutron Capture — Sigma, TPHI
Pulsed Neutron Spectro - Lith, C/O

July 11, 2008

August 11, 2008

Slide courtesv of Bob Butsch



SACROC Unit 56-4ST Combined Analysis - Upper
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SACROC Unit 56-4ST Combined Analysis - Lower

OH - Mar/08 RST-Jul/08 RST-Feb/09 Tracer- Mar/09
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Slide courtesv of Bob Butsch



Results/Observations — Unit 56-4ST

Sigma - CO, entering formation in top part of
each section

Tracer confirms CO, entering formation in top
part of each section

No change in fluids where CO, not injected
Oil remains in lower zones

Minor invasion of drilling fluids seen on RST
after four months

CO, remaining in zone and not channeling up

Slide courtesv of Bob Butsch



SACROC Unit 56-6 Combined Analysis - Upper
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8 RST - Feb/09 Tracer - Mar/09
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Results/Observations — Unit 56-6

Sigma - CO, entering formation in top part of
each section

Tracer confirms CO, entering formation in top
part of each section

Significant changes in fluids where CO, not

injected

— Possible influence of water/ CO, injection
outside test area

Oil remains in lower zones

Invasion of drilling fluids seen on RST after only
one month

CO, remaining in zone and not channeling up

Slide courtesv of Bob Butsch
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VSP Data

Two sets of VSP data for were processed for well 59-02 located in the
SACROC field, Scurry County, Texas.

There are two sets of VSP surveys acquired in the same well :
July 14, 2008 ,
April 16, 2009.

Each consists of zero offset VVSP, 2 far offset VSPs (3752 ft and 2783
ft offsets), and one walkaway VSP.

Geophone depths range from 500 ft to 5700 ft measured from KB for
the near and far offset VSPs. Walkaway was recorded in the deepest
part of the well.

The seismic source for the survey was a LRS 135 vibrator with
sweep length 12 seconds and frequency range 80 to 120 Hz.

The recording length were 8 seconds.

Overall data quality is good. .



Walkaway line

The walkaway line is oriented exactly
N-S.

The measurement well was 59-2.

The shotpoints were positioned with a
120 ft step. There were 95 SP processed
in 2008 and 94 in 2009 (after deleting
bad shots).

The walkaway VSP was recorded at
depth range :

5100 to 5700 ft (13 levels) in 2008
5000 to 5700 ft (15 levels) in 2009

’ . -
¥ »- S o
- / SRS
i : -~

Slide courtesy of Lianjie



Common-Depth-Point Images of 2009 (left) and
2008 (right) Walkaway VSPs
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Image Difference

(work still in progress)
b
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UPitt/NETL mini- 3-D

» Using NETL computer tomography and rock physics laboratories the
elastic wave velocity variation behavior of reservoir units at reservoir
pressure and temperature conditions have been measured.

» The results have been modeled using rock physics theory to better
understand the rock framework and pore contributions to variation of
elastic vase behavior in the presence of supercritical CO2

» There appear to be a mappable amplitude variation with offset (AVO)
pre-stack attribute that potentially could be useful in identifying
supercritical CO2 at depth.

» These results will be checked with analysis of two additional 3D
reflection seismic surveys, already recorded, which are being processed
at the present time.

Slide courtesy of Bill Harbert



« Survey Dates
— November 2008
— March 2009

Cross sections of calculated
seismic attribute follow in this
format. This attribute had not
previously been calculated.

For reference, pre-stack migrated

traces are shown in addition to the

seismic attribute. The top of the

limestone and some wells are also
shown. The log shown on the wells

is the “best gamma”.

The velocity depth function was
used to correlate the well and
seismic datasets with respect to
two way travel time.

Offset:

0.900+
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Seismic Micro-Technology, Inc.

Project: sacroc_smt

Project Location:

Prestack Migrated Line 1053.0, wph_S3_"2(A+B)

Slide courtesy of Bill Harbert

billharbert@HIGHLAND




CLCCeeeeee

m»"'

l'Hl |!H’ l.'i

M i "‘Hhm il

,

T ”Hh"l.'m{"“.ll‘lmm

I

L:»:W'

Slide courtesy of Bill Harbert



Conclusions

» After 37 years, 175 MMt CO2 injected, 85 MMt
presently stored (90 MMt recycled) in the Canyon Reef
Reservoir, SACROC unit there has not been any CO,, or
contaminants detected at or near the surface that are
attributed to CO, leakage.

> Reservoir is well characterized

» Logging is excellent in determining CO, location near
wellbore

» VSP and 3-D surface seismic seems to identify a CO,
plume. Baseline?

>t is much easier to identify were CO, is not at or near
the surface then at reservoir level.





