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1 Million tons injected in EOR, 15 months, 11
Injectors

* Pressure monitoring, a basic reservoir
management tool, valuable in zone and above
zone

— Easier measurement and history match with
pressure than with CO, saturation

« 1945 well completions performed better than
expected — no large leakage detected

« Complications can be reduced next project
— Simpler completions
— Low cost single phase (brine only) monitoring



EOR and Sequestration-only have
Different Footprints

In EOR, CO, injection is approximately
balanced by oil, CO,, and brine
production so no pressure plume beyond l 1

the CO, injection area
g

CO, injection (no production)
pressure plume extends
beyond the CO, injection

area = area of increased risk
CO, plume
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Stacked Storage

o

.
.

By developing multiple injection zones
beneath the EOR zone, the footprint
of the CO, and areas of elevated
pressure can be minimized



Regional evolution of a CO, storage system
Gulf Coast version 2005
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Stacked Storage via co-location of EOR and Saline Formations In the Gulf Coast
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® Selected oil field
that could benefit from EOR

Existing CO,
pipeline
Stacked storage
at Cranfield

Sources (dot size =relea
Refineries and chemical
plants

e Electric power plants Baline Formations
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Anthropogenic CO, stationary source data from Hendriks and others, IEA Greenhouse Gas R&D Program, 2002).



Upper Cretaceous Tuscaloosa-Woodbine Trend —
Cranfield in Mississippi Salt Basin
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Stacked Reservows at Cranfleld

=| Cross section from 3-D seismic survey
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Scientific and Technical
Objectives &Benefits

« EOR- Pressure based <« Technique

In-zone & above development for
monitoring methods documenting EOR
for area with many permanence

well penetrations
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Challenges to Monitoring EOR with
Application to Cranfield

- Complex reservoir — complex fluids
-Oil, methane, brine
+No water flood at Cranfield and 40 years pressure recovery

- Complex flood — 11 wells injecting
+ Increased gradually
+ |nitially production — reservoir lift

- Historic wells — no modern logs, poor casing condition,
not deep enough for modern tools, cement only in zone.

- Surface monitoring complicated by past oilfield activities,
historic oil spills and disturbed surface pits, well pads,
roads. May be natural high background flux.



Phase |l @ Cranfield Monitoring Lo:;ations

8 P&A wells 7 production wells Dedicated observation well

[T ] [} I.l.....l

----------- 5 Vadose zone & soil

Aquifer and USDW

Seal

by e VIONITOrING Zone § ey

In reservoir -continuous and real-
. —— > M time bottom-hole pressure and
snfmisie. || g B | temperature at observation well.
T - Dip in” pressure at four wells and
reservoir saturation logs at 3
CO, plume wells.




i o4 et . e
i

|
¥
|
) —

T 1

EEN

= e 1

e tm,q"t A

b s e g T e i g ]

i |
il

s e

e

.Axa‘—'

1

R N g AT

ok 10 IMJECTION DATA £ 10
[ [ [ [ [ [ [ [ | [ [ [ [ [ [ [ [ [ | [ [ [ [ [ I {
oA ‘i atuttie s Al it s Bttt dientent nfiiden it Sl o e it b s fntrienl et it Sttt sttt i q--—t——-F——= 5
g
E § ]
> 4 4
m
=
g
JuLO1 JUL15 Jul 29 Aug. 12Aug. 26 Sep.085ep.23 Oct.07 Oct.21 Nov.04 Nov.18 Dec.
BottornHaole Pressures (psia)
S I [ T T 1% 1 T T T 1 1 [ T 1 T 1
ssoole L Ll ey __________'-—____I__:I____I____r___I___'_I____I__El-
i 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1
SO0~ T T S et bl bl bt i b ikl el e Bl e et D el S bl Bl skl bl Tty el
| | 1 | 1 | | | | | | | | | | | | | | | | | | | | | | |
4500 ___4___}"__!Tl".'l__'@_l_—'_‘_'*_'_ it — =

1
Jul.01 Jul. 18 Jul.29 Aug. 12Aug. 26 Sep. 085ep.23 Ot 07 Oct.21 Mow.04 Now 158 Dec.02Dec. 18 Dec. 30 Jan. 13 Jan.27 Feb.10 Feb.24 Mar. 10 Mar 24 Apr.07 Apr.21 May. 05May. 18Jun.02 Jun. 16 Jun 30 Jul.14 Jul.28 Aug.11

Tip Meckel

Fifteen Months of pressure data



In-Zone Monitoring — fluid flow in a
complex reservoir
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Reservoir Compl_eX|t = poor sweep
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Model Match to pressure — measured
In observation well to calculated with
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Pressure (psi)

Pressure (psi)

GEM Model Match — observed in
producers to simulated pressure
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Delta BHP(psia)

Inj. Rate {metric ton/day)

Inj. Rate {metric ton/day)

Maximizing the Data Yield from
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Documenting compartmentalization by matching
predicted area of pressure increase to measured

Observed well connected

Predicted well connected
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Sources of Noise and Uncertainty
iIn Above-Zone Monitoring
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Comparison of processed surface tubing
pressure sensitivity with downhole gauge

Tubing data
corrected for
Temperature and

, tubing fluids
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1 Million tons injected in EOR, 15 months, 11
Injectors

Pressure monitoring, a basic reservoir
management tool is a very powerful in zone and
above zone

— Easier measurement and history match with
pressure than with saturation

1945 well completions performed better than
expected — no large leakage detected

Complications observed can be reduced
— Simpler completions
— Low cost single phase (brine only) monitoring
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